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SLmMUmMmiLi>»im& 
ftm tiMovttotl pMPt of tit* t)i«»i« imcXvA^^ m oritlotl 
r«Yi«v of (ti» ebAffiistry of flftT«aoi6« and bif3.avaiioi<l« tiiitf 
ht03lX{%t9 th9 r«e«Dt iidTwriQ«» ia th* «&«ljftie«l. t«e!miQ«*« 
appllAd to tbeir ioolfttioa and otmotuiNi olueldation* ^  
ThB croric doeeilbod in tlio tliosio ootiitioto of (tlio loolfttioa 
mod otmrao^t^atlon of tlto ItifXavanoMo tp(am tfae IOOTOO oft 
t« fainasaia of!3rpti»so7ioido» Hajratft (9aiodiftet««} 
Sitlsyomoo froa tliii X^mB of M^mB^ ffiarglgWfl^lffi^f> B^ata 
wawaimvMHMMIMMilMlnMaaiHaMiMpriaMliMwa^ 
^'ntC oxASiiiiatloa {B*P»F* 36t9i5} of tlto plioiioXio oxtraotiiroo 
of tho loaToo of ^|3ja«il* giyt11W^mi4tt ft^^^JP "Olvirat fractlcaia. 
tloa «D^  ooa.i8tt& oiiroiBato f^mpltf rovoaloi tho prooofioo of ttiroo 
•ajor tenao utiioli wiro iabollod ao fCIt fGll moA TCIII in ordor 
of iaoyoaaing E^ iraluto* Tho tliroo tMOul* altbovigti oturonatogimpltl* 
oally bonocfiioouo i»dioat«6 os notliirXatioa tlio pvoooaeo of soro 
tlian OHO ooapononto* CCB of tlio tttroo baiulo foULovod hjt aco«yX»» 
tioa olieirtd tho proooneo of tibjroo bipltonyl tjrpo bifXavoaoa of a 
ItIL aorioa lMiTiii4B; XiBka«o /*l*3* § 2X-5jr aloiift vitli aaantoflairoa* 
anA lilnolclflaTOao aorivatlToo*/^ 
r«9«rtt4 us mm of «ii« froduets of pli«iioli« •addfttiv* e»i^littg 
of oplconin iteitig potfto«i\ie»f«iTle3rii»ido «• on oxiAoatf tlio 
proooiit vorli ooattltittoo tlio f irot omtplo of tlio iooiatiom Mill 
eiuumetorlsatioa of t!i« oonpowd froft a attturaX oouroo* Boiag 
a u t i bi£3Uivo&«« tho paroat ooapouMly i^l'^V § Ih^^J blapl^oaiajl 
liaa boon tunsod ae ff^nafiimf^irofio > iHE aaft leaaa apootra of tht 
itaxasatl^Xotliert ^^ "'^  opaotra of tlia aoiie»» aa# di«>0««atl)9'X afliara 
of taiiwttilafl8iro»« provod beyona doiHit that Iiaa»a|JI ffiyplffjtrtffl^fi 
oontaisad %\m paraat (Xa)t I«?/IZ*7«aoiio«<M&«tl)i3r2. (lb) and XZ«4*f 
l«»7/lX*7wdi*i>o«ttatbj'l, taivsaiaflavoRa (Io)« fha blfXavanoid 
cmiteata of aaoli of t!ia thrao fraotioaa ara aa vtndart 
(1) 1*4% Il»4*t I»5» II-5f I*7f ll-t-naxabydirojiy/*I*5»» 11-8J^ 
bifXavona* 
(t i ) I ^ S 2I-4», I-5t II-5# l-7i lI-7*Haxaliyeroiy/"l«3SlX*5j7 
bifXavona* 
( i i i ) &4*t XI«4S l^5f Xl*5* ZX-7«>PMitab3rtf]roaqr«>X*7<«CK»atlk3rl 
/*X*3« t II«*J7 biflai^oaa^ 
(IT) X«4*f XX«4*t X»5« XX«$« X*7/XX«7-f«Ditabar«rojqr<»X*7/XX-k7* 
oiono^ Owaatbyl /*1*3' # XX«»3i«7 bifXaToaa* 
(v) XI-4S X.5f XI-5» X*7t IX-7-y«iita]^»oiar/"l-4«-0-XX-O 
biflavana* 
(11) 
»%%h9l /"I^J't 2I*««7 l»i«tavoa«, 
( n i ) I*4»t I-5» ll-5» 3U7/ll-7-f«*Wi*r«r©iyII*4*» l*7/XS»7-
<viU} l l « 4 S l»5t 11*5* l»7«7«t]nai|P«vosar»2Z»7*0*ttet^X 
RiO 
B. B j 
(Xft) 




























•lantlnetf taa found to oentoiii ottOfitofSjiveno ioriY««iT«»« 
iSttbrMBtnioB & li«Jftirft4an» ^vo ojouiljiod (tlit ! • « • • • of ^tatJjBl 
ytiliaoitt^ vomi* ||« • •o^ i^^f <i£m»l9rfirbiiioooo> omi ropovtod tlio 
proaonoo of Qitoirootis >*Ttias>&oeItt008i4!o lui tHe o&34r £Uiv«i»iA 
eondtltiiMitt Esitovoott^tiim of tlit ploiit in our 3l«.1»om%orioo 
•}}0«od ttio protoneo of 1*4% X2«4% !*$# IZ*S» X«7« 2 I » ^ 
hoxftltardroisr/"l«5«» 2£»8j^ bifXftVo»« (£l«) ana 2«4*t X*5t X2*5t 
( l ib ) ft« tbo t^ ifXttmoooiia oonotit^uaato oXong ititti tiao eXyoos&doo 
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fh% «»titiir irt«li«t to wj^rtVA tiis tiftsli M I I M of 
g ra t i t s^ to &r« M<^ t3« ilyaOf for tag xmmtiateA help «ad 
eneottra$9«ont tdrott#ioiit« vHoos 41 root!on ttiiiS« tliA«0 rooocuretidO 
poasiiile» to fjpof©!isor w, :i«Ii»aii aot o»ly for provifSIng 
foot I t ties for «x«9txtiag tisis tfork bat also for t&a ooaotaat 
otiaoara!|(i»t!ttf teoa lnt<»r««tf ^elfiftil s«i||§<t9tio»« aod v'oiir 
valooblo nni ricli dl»oas9loiio asidi to tlie Coiinolt of Sotaottfle 
aad Itidtiatrial Eesoarobf n&w &#ltilt for ttto «irar<S of falloniiKtip* 
fU® atitlior wo i^a Ill(@ to ojcpreoa Sils ij^prdotattoa to 
rrof* If* !tftir«iio (onlirerattr of Hagesalclt <fi^an) for bis ti^i^ 
lit Sfimtral iiti»dtieo« The Holp loid eofi^ or«ti<M>i of tlie laiftorotorr 
oolleagtiao aro jiprataftiltf aoleao«ta4i«<9* the aol&or t» tilgtiljr 
Indatytad to 0r« WaSId Utisaia Aaaari for M.a ainoora liatp« 
u •iimmi'MmMS, • « • «•« ••• t * tss 
2* rxscosexoH *«« ••• ••• ise * H9 
3* cosciiusiora ••• »»• ••• I'm • i7t 
4# EII>Ea»:M!?AIi • » • •*• *•« 172 • 196 
9« 3ifiiiXo@EAPinr ••• *** •«• t$9 * soe 
t H B O S B t Z O A L 
i 
Thn flnvanolds belong to an lapor tan t group of na tu ra l ly 
ooonrriag or^aale doapoun<}s In «!4iioh two bonzoae r ings ore 
linked by n propiuio brida^e (CQ-C-C'-C-CQ) except In isoflnvones 
In which th« arranareaent I s (C«-s;-C-Gy, and Include chalcones 
( l i r ) , dlhyrtrochaloonas ( I I )» aurones ( t ) , flovanonea ( l / ) t 
flfwon<»s { / I t ) , flavfrno^s ( / I ) , fluvajiols ^ a ) , i saf lavoas* 
(*^ni) , leuooantbooyanldltts ( t l l ) » anthooyaatdlas ( i \ > , 
proanthooyanins and cateohins ( t ) . In tbese coispounds the 
oiddntlon level of C» bridge vcurlos frota the lowest in oateoUln 
( r ) to tho h l ihea t In flavonol (XI). 
(T ) ( U ) 






( W ) (XII ) 
- 33-
Th« iaportaitce or flavanold ooapounds In tlitt tannlnft 
of t9«th«r, th» foraontaUon of tea, tho aanufaoturo of ooeoa 
la,b 
nod in the flavour qual i t ies of food-stuffs i s well estabiiaHed • 
Certain flnv.nnolds are aaong the ear l i e s t iraoira natural dye-
stuffs . They are widely used as antioxidants for fats and 
oils'••**, \mon% the ptijrslolo:;;iOQl a c t i v i t i e s of flavanolUs **• 
include vitaaln {* act iv i ty ( i . e . property of reducing the 
o*i|jlllarv fragi l i ty and pera^ahlli ty ) , dlnretio action, treat-
ment of allorgy, protection against i-ray and other radiation 
infuriea, cure of frost h i t s , antibacterial ac t iv i ty , prophylactic 
4 action, OQStrogenio act iv i ty and antitamour ef fects • Fhe study 
of distribution of flavanoids in plants i s of great oheiao-
taxonoaio value * . 
Recent addition to this c lass i s *biflavanoid»*. fho 
biflftvanolds are derived froat two flavone or flavanone or 
flnvanone-flavone units and have been nostly isolttted froat 
Hysmosfiersiae. ^»oag the angiospenss, so«e plants belon;^ing to 
7 3 S) 10 11 i.2 
Guttiferae * Kuphorbiaoeae ' , oaprifoliaceae , Arohegoaiatae , 
13 14 
Oohnaeeae , «id Aaaoardiaoeae and soae ferns be longing to IS Selacinellaeeae have been found to contain biflavanoids. 
,4. 
Waw nomenoltatnr* tor Biflayaot^g^i 
^rt«r oonti'3«r«Uoii of tli« vl«v« of profosvors^ 
W.D. Ol l i f , "j. tiawaao, T.it. Settiadri, and Drs, A. Foitery 
n,%, Chmnn mid L.C* Cross, tlis follofrlog s / s te«at lo noaeoclature 
for flavanol^ polyaers baa besn evolvadi 
III this Dosenclature tbo genorlo tox^ *bifLavaiiold* 
has been adopted In preference to blflavoaoid or biflevooyl 
since In general tbe saturated systes i s regarded as tbe parent 
for tbe nottf»nolatMre« Itie ending *old* nay tben be modified 
to oovor speoirio types of flavanoid diaers suob as biflavanone, 
biriavone, blflairan, eto.f and for mixed systems flavanone-
flairone. Tbia 8yst(»ai follows general lUPAC policy} tbe un-
aoilified nonoaer aoaenolature I s u t i l i zed as a generic term in 
the nanins of diaerlo, trloierio, tetraaerio e t c . derivatives 
by insertion of tbe appropriate Greek prefioes , b i - , t er - , 
qtiater-, eto.f giving biflavanoid, terflavanoid, quater-
flavanoid, e tc . 
To identify specif ic rings and rin« positions in 
flavaaoids and their polynerio derivatives , tbe present lon^ 
accepted systea (exe«pUfied in forvula Kill for naringenin) 
i s retained extending i t in the case of polyMerio flavanoids 
by assigainf to each nonoaor unit a Koaaa nu»eral, 1, I I , III 
e t c . , running in sequence fron one end of tbe aoleoule to tbe 
otti«r. rte« potnts of linlc««« liet«r«ttn neighbouriag flaranoiH 
«mit« mv id*nttfltt<l by « oowMnatlon of a Uoaan nu««ral ( to 
td«ntif]r the flavanotd uttit) and an Arablo ntmerai (to identify 
tlia position of tha interflavanoid l ink) , tbe two nnabera bains 
ooupled with a byphen and enotoaed witbin aquara braotcets* Vhis 




1 -4S H-4«, 1-3, H - 3 , I-T, II-7^1oxabyaroxy 
/ " l - 3 ' , I l-8_7 biflavono 
\ l l tha biflavanoida Itnoirn todata ek9y be olaaaifiad into two 
wain grovpat 
( l ) CMi linked blflavanoida, and 
(3) C*0-C linked biflavanoida. 
6 
0if«itftng aiiott I I I * ttfttor* of i)M e«nttl tfumt m»fi«i«r&« 
Milto iiid of tlio po«ttioo of tiali«go w ik§ife difforont oori««« 
»^ ^?toyt|(yo^? Sfrlff j i 
1t»o»o oro dortvea frm tm m^mtn miU wit^ Tt^UU^J 
tliilra$« m& aro ropf^iiaatod Hf «lxteoii «@@ «^ro v i th 4Mi@istofl«oiie 
(^^o) «• t&o t>oi^»t oo«po«ti(3* 
{ ^ v ) 
( • ) AMOBtOflovOllO* 
(b) I^ToOo^letltylooiSoqitotfto 
f lovoi io)**^* 
( i t l o f c o t t * ) * * * ' * 
(o) ii«4««<i«ii«tiiri<» M 





























B ca« a 
7 
h % H h h h 
n n m^ m^ 
ca^ n a u & m^ 
'3 « « *-«j 
a a 
n u cd. 
itotiirMseiiiaoiiitrttini <^ * a a a ca« ca, t A U t l U «W»1»A f # I « A 
• • t i i y i t ' ^ cii« CE« a B C3<. a 
aig ^ 3 ^^  ^ ^^3 ^ 3 
(o) l-4»tIt«4'fI*T»II-7* 
fI*T<4l«x««0«ai««lirt^ Qi!^ C!I^ GB^ m^ m^ m^ 
3«t«tiiifl«iros«9 rmpwt%€ M tti« soltt binnvoiM <ioit«tt<» 
M»tiQrm«v«ii« (XIV4)^« Bttt int#«iitl]r« I t mm i9m^ t« 1i« • 
atxt«r« t f «a«it«flciro«» (si«J»r) «ii4 wHttft «t]Mir«'^*^« 
l««l«lHi(l fro* Armmtmrim e»«>lEtt . 
tfetm iir« llttri¥«« from t«o «pif«iiiB (««|S«T»trili3rdroir*" 
flftYiHi*) iM l t t u l t t i / * l « i9 t XI«^J7 Unkagt MKI «r» r«]^r«i«itt«4 l ^ 












































Oi l eu. it*T«««iiu^««««iiFi^ laig (»j oij a w^ vn^  
Ik * ttriMtMr* of X-4% IX«4*-il«*o«««tkyI «ii||ir«i«»fl«rMMt 
• •mt i i« t i« 
9 
Th««« art d«rlv«d fro* two i^t sen ln ualta witb 
/ " l - 6 , I I - 8 j r liiilcfige^ and ar« represented by f ive aeoibere 
with agathieflftTone (XVla) as the parent oovpoimd* 
R7O \ /r°^6 
0R4 0 
( W l ) 
». 
(a) Hathtef lavone^^»*^ d 
(te) I -T-0-aethyl- '*»^*»*^ Ctt. 
39 (0) I-7-XI<-7*Dl<»OHietliyl» C«. 
U) I I - 4 » , I-T-Dl-O-
•ethyl-'****'^ CH. 
(e ) t I - 4 « , I -T , I I - T -































0, ttobii»t»flay<we 3ttri»» **! 
Tliii oliuifl has l>««ii rftoognlzec} rery reotntljr and Is 
re|ir«flsnt«d only by r^bastaflavoao (£^11) as ths parsnt 
oonpotntd and Ita moao audi dl-aottiyt etli«rs« otiarao tori zed 
Met 
only as their oosplate nothyl ethars • fhese ara a lso darireiS 
from two apigonin units with jT'l-'S* 9 ll'-^J liateago. 
(XVII) 
Afi 
?!, I»a« fi-Dthydroaiantoflayona Sarias > 
Thssa ara darivad fro* a noringanin and an apiganin 
unit with flavanona/*I-.1*, tl-^J flavona littl(aga» and ara 
rai>rasantad by thrae aanbars with 2y3-^ihy^ro«aan to flavona 








(h) IT-4», i r - T - m - 0 -





!l Cllg H 










« OUg Clig 
'Htene «r« dtrived trim a aariagenin and an apigaaln or 
l u t t o l l n unit with fliwraaoa* fl'-'^t JI-®«7 ^lavona linicafta aad 
«ra r*f}r«fi«nt«d bf nafl-II (ttXa) and »6!I-III (UXg) as th« 
parant oampoand* raapeot lva ly . 
R^ O 0 
OR2 0 
12 
( v i t ) 
(a) nr»H-tl (oorotloflaronG/ 






















1-7, I I -7-Peata-O-
.53 
»(d> l - 4 » , l I - 4 » , 11 -5 , l - T , 
• ( • ) T-4», l t - 4 » , T-T, t I - 7 « 





























•»yn tile t i e 
13 
7 
G, won 9»rio> » 
f Two iifiw biflaifonest ^GH*it and UGli*IlI have b««ii 
mfnt}m»iM9d by dehrdrogvnaUoa of JOa-II and ii6!1*III, 
HO^ 
OH 0 
U ) tT-3», I-4», 11-4% 1-3, 11-3, 1-7, H-7-ilopta{jy4roxy 
£ 1-3, 11-8^7 blflavone (iGlI-ll or Sa!taraaflavoao} 




Ttii« aarlaa ooaprlsiaa of raduoed tietorocyollo systoAi. 
Pour Hidatiors ara raportad to ooour in natura. ftiay ara darivad 
fro« naringanln linkad with a naringanin or aroaadandrln or 















T, Tgtra-^iydroftaentoflavoaa ii«rl0» t 
11ir«« n«« olosely r«lat«d blfloraaonety AyU aad C have 
li««B rcoantljT l»ol«t«d from dafattad nuta of -laMloarpHa 
14 awaaardl tw . Tlia f i r s t of thtaa lias bean obaraotarlced aa 




(a) 1-7, t - 4 » , l l -4»- r r l -0-e ia t ! iy l - I -S , I I - S , 
ih) 1-t, 1-4*, I I - 4 * , If~?!»-.totra-0-B«thyl-I-S, 




Tfi© binavaaonoa a and C tiave ol80 tjaen charaoterlsBea 
lis the t r i9«t&rl ethdrs/oorrespond chal^one stotbyl e tbors . 
itifj^ostod str t totures are O-oetdyl der iva t ives of 
/ " l - 1 » , I I -9J7 blnarlngento (XXIU) for tbo former and 







The sorl«9 oomprlsing of only oao aoiaber nan boen 
3d 




'Site so le S9»b9r of the ssr ie t has ali»o l»e«n obtained 
dtirinc; oxldattve ootipling ot aplgantn • 
{T4.Vt) 
1-4* • T-5, t l - S , 1-7^ H'-7-i*eatatiydroxy flayanoaa 
/f*I-?« 11-^ 7 chro«oa<ift 
riia «o«|)Oi»i<l haa vary raoantly l»ea>t isolate<l trcm tbe 
l«»flra« of SareAala <tuloia sCura. I t la a dlaar of narlniaiila 
and 5,7-dHiydrojcy ehronona llakad ihrough / * I » 3 , li'Sj^^^* 





ffila ! • <i«riV4Ml from iifiriiis«aia m^ di a^lgaxila onlts Iti^did tttird 
OH 0 
ftm iiliiMift«r«iiott« (7)ttr«iir<lroag«ttii«ftinrott«} I IMI v^ry 





T!iis bad bees reeognit^d V0ty r«e9»tlr* "i^ Ms i s ^r i i r«4 
H O -
froM tiMi •tMMn* of ^»»off«rr««« t i l l * i » 4ori?«a frcM tvo 





imtf «» ii^li«atii tiait mr&ugh £^t'^t t^'^J Iftniai** 
OH 0 
(2). R«i0^ t^4iiifc<ia pi,ttay«ii<ita«8 
T6<i««( ^© derliTdil frew two n^kgimnin miltt w t tn / * ! - « • •««lI--^J?^ 
llii]|iii«» ififioieiflaeroii& <S^;«Ita) in Hie ^«r«a« eoo^ooad vill i six 
otbers «» Itff {larttal ito^r^ ottiors* Ciirlittr ttiaokiflitvaao 9m^ 
ST 
niitolt Hail lfttt«r t>««a r«viM<i *© /* l '^»-^>-I l -6j^**^*(XxyiI«) . 










• (h) T-T, l l - T , i r«4»-rr l -0 - . 
mo thy l ^ 








lie AG n 
'Ati It 





ri J u a Me 
Jo n a H :ie 
II 
*^0 
a .^ 0 
T h e / ~ I - 4 * - 0 « n - 9 ^ tiakod htnofclflevono peataaothyl 
«th«r ( t x v i t i b ) has a l so heen }iynth«9iztt(l « 
R4 0 
(XWfll? 
•Syntht t tc 
1 
* 
<a) nittoScifli«rone/'l»4»-0«lI-6L7 ** 
.i 
ether Me 4© 
d. 
U 







(2) ^'^a.'l-sihydroMflOict ftavono Jerteat 
fha soto fittiBUer (x*^^^) of th i s s e r i e s has been I s o l a t e d 
frorfi M'^ tn^ f*"' it '>ln !»-ntoqtroho<Ttp»fi aaU Cyoa^ »ieolo^ * • 
OH 0 -
OH 0 
( i \ t%) 
rhl<i Q1««9 ha« been recognized very recent ly imd i s 
repreeented by only four nombers wiili oohnaflavone as the 
parent ooaipound, lliey are derived from two apig,enin unite 








( a ) Ochnaflavon© 
ih) I-4»-0-r.l©thyl-^ 
(c ) 1-4% T-T-fil-O-aottiyl-i^* 
• (d ) 1-4*, 1-7, 11-7-
«aetbyl-2J* 




























«• ^onoshiaa ot a l , * have recently Isolatsd 
rnlcuirt««fd« (VKKla) aad splcatuslda (\KVlb) frow Garetala agicata 





(a) PukU3l«lde*"| .i^ » oaf .* * /3 -J!-sluo. 
OH 0 
( ^ t « r ) 




Optical \ottvlty in ni flftvanotd«» 
The optioal act iv i ty in biphenyls la duo to tiie r e s -
trlctod rotation of tli« biptionyl aystaei trltii sufflcicittly lar^e 
ortho subatituonta* riils phenoAenon Is imown as '*atro|)isouioris«**, 
Purnor and Lo-ferro *, Bell Qad li^nyon In ttioir atuclies of 
opttofll activity £o binhanyl auggeatcd that tlio cffeotivo siao 
of ort»to 9nbstitttf»nt9 oonditlona the ooourrence of optical 
act iv i ty . If tteo orttio substitoents are stiffioinntly lar^^ei 
thpy interfere witli oan another in coplaner po»itiont eitber 
by laochanlcal or repulsive action of tbelr f lolds of forces. 
Only in tlie non-coplanor positions in tboro room onougb for a l l 
of tbes. The tvo benzene rinsa aro thus in oonxial non*> 
oofjlanor configuration ooraplete rotation i s there fore» ^jrevoated 
and optical resolution beooaea possible. 
The bi f tan^anolds also incorporate a biphenyl syntea In 
fihlob at least three out of four ortbo positions are subatituted. 
fho optical act iv i ty in bipbonyl typo biflavanolda i s , therefore 
attributed to the phononenon ot atropiso«eri««. iowever, la 
fukuj^etin and the neabers belonging to GJ series the optical 
act ivity mity either be due to tha aayaittotrlc centre {C^) alone 
or to both the asyniaetrlo centre and restricted rotation, 
Xeeently a large nuMber of naturally <»courrini optically 
active biftavanoids have been reported* The deta i l s are given 
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The deteotlon of optical aoti'rlty- in biflavones ia of 
iwien^o biogenatio signifioiino« for i f coupling of the prcoomor 
«ol0ottlft anif^eain ooeurs ttirougti phenol oxidative coupling, as 
1*4 ooanonly beliov«<}» the process «uat h«i undsr stsreospeolfio 
control, an the other hand, i f further experinentation i s able 
to posit ively exclude poor isolat ion technic|uo as a cause of 
rnoevisation, the continued eppearanoo of raoeeiio bi flnvcnes 
worild agnin be of importHace airtco i t wosild su^^^est then that 
phj^ nol oxldntive coupling I s not necessarily exclusively stereo-
spool flc« 
'^structure DeterEainatjon of Biflavanoids" 
The probloa of structure determination of biflavaaoids 
i s a cofliplox one because of (a) occurrence of acre than one 
biflavone in chromfttographioally hoaogeaeous fractions with the 
nonsequnnt dif f iculty in thoir i so lat ion in pure fori4, (b) in»o« 
lubi l l ty in usual organic solvents, (o) the d i f f icul ty in exact 
location of OHBethyt q,roap» in partial ly ae thy luted derivatives 
of biflavones, and (d) the intricate proble« of establishing 
the interflavanoid linkage. 
The various aethods generally used for structure deter* 
Minatloa m»y be c lass i f ied m» underi 
0 0 
I, Colour rvaction. 
3, Physical nethods 
It. n«gr«d«ttoii 
4. Synthesis 
I . Col oar ;l«aotion« i 
% ntiab^r of dolour roaottotis are reported la l i terature 
for det«otln|r oertaln struotursl feature* emoag flavaaoids. i» 
thn colour depends upon the pattern of liydroicylatioa and sutosti-
tutton, the dlas^nostio value of colours la only a broad indioa-
tioti. The reagfs>nts getterelly used for colour roaotiona are 
c}f!«i;ne«iuat hydrochloric a d d , sodium aiaatg;a»*hydrochlorlc acid % 
Wilson boric acid » and isino-^iydroohlorio acid . aiflavanoida 
are however, found to give more or le«a the eaao colour reactlone 
a« i»ono«era. The only exoention in that unliico aonoaera a l l 
kinda of biflavaaoida give poaitive teat arlth ssino and hydro-
Tii ehlorie acid, a teat oharaoteriatio of flavanonol • 
3. Phvaical >lethoda» 
The ohyaioal aetboda faaarally eaployed in the ident i f i ca -
tion and atrnctural ttaalyala of plant pi^aenta «re» 
(a) cnroaatofrapby 
(b) IJV apeotroaoopy 
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(c) IR spectroscopy 
(d) SMn mpttotroaeopy 
(«) !^«89 spectroactry 
They provide an excellent tool in ttte hands of or.^anlo 
chemist for elucidation of structure of even nlnor oospoonds. 
(a) Chrowatographlc -tethodst The correlation between 
chrotsatographlo behaviour and structure was f i r s t discovered by 
nato-Snlth and 'I'estall . A nunber of papers and review art ic les 
have appeared on the separation and Identification of flavanold 
plfisentSf specially by paper chromatography in aqueous and 
71-74 
alcoholic solvent systems . Gas ohroAatography has recently 
been used successfully for quantitative separation of flavanolds 
.as their trine thy I -a l ly I ethers * • Recently gas-llquld 
ohrofliatOjBpraphy has been used In structure deterwlnation of 
77 flavone glycosides as their ethers . Extensive thin-layer 
ohrofiatofraphlc studies of blflavanoldst their partial ly and 
fnlty Methylated derivatives have been carried out In our 
7S 
laboratories . Ben«ene>i>yrldlne*for«lo add (3ds^»5), toluene-
ethyl fomate-forale acid (5s4t l ) and benzene-pyrldlne-ethyl 
formate-41oxan (Sttf2t2) have been found as the aost satisfactory 
developing solvent systeas both for qualitative as well as 
quimtltatlve purposes. Howogeaeous wlxttires In one developing 
solvent systes have been snoeesefully resolved in the other. 
32 
Fiftrtherf the relativ« dlfferenco in ftf values of the oowplata 
fB@t!i^ l ethers coupled with the charaotorlstio fluoresoeno* In 
Td,7» 
UV. 11 ^ht were found to l>e of soae help in their ident i f icat ion. 
Counter current distribution between ethyt-aathyl ice tone and a 
borate or f>ho<i|»hnto buffer of definite p<I bas boon used suooees-
fully for tho separation of InUvldual biflavaaoids froo i^ouerio 
mlTturon a<t well as froia taixtures of biflavanoids of different 
15 ''3 33 aeries '-^  »" , Recently the use of dry column chroiaato .ra i^hy 
41 
for quantitative separation has also been reported , 
(b) Ultraviolet speotroaoop>y) fhe UV spectra of flavanoids 
have been thoroughly studied and reviewed tqr L. Jurd and r. /• 
•tlabry® .^ Plavoaes (tXXIII) and flavanols (xxtlV) generally 
exhibit hl^h intensity absorption in the 3ao-3SO m^ region 
(land I) and the 240-270 MU region (Band t l ) . rhe position and 
intensity of XrnKX, of each of these bands varies with tiie 
relative resonance oontrlbutlons of the benzoyl (CKX\^ ), olnnacaoyl 
(xxxyi) and pyrone ring (KKXVII) groupings to the total resonance 
of tho flavone aolecule. 
(TXXITT) iXXXl^) 
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( i j t W ) (XiWI) 
(KCWII) 
Uthou;;ti tt}fta« groupings interact* ttio speotra of 
«»it)9 t i t uteri flffiron«fs and flonronoln in the aeutrat anO alxatine 
solutions 5itiggett that <}aa(l I i s assoolated obii^fly with 
atisorption in the otnnanoyl grouping {iXSMi) and band II with 
ab<iorption in hnnzoyl ^rouploi; (xtiiV). fhus the iotroduotlon 
of electron donating t^roiips suoh as hyOroayi or aethojtyl into 
A or n ring prisiarily increase their relat ive resonance oontri-
but!on and consequently produce bathoohroaio shi f t of hand II 
or hand I respeotirely. The ultraviolet spectra of hiapiftenia 
or Mnarfngenin type biftavanoids and their derivatives are 
34 
v«ry stKllnr to thott of coafitltti«nt tiono««r units* wlkh tho 
only dl rf«r«no0 that tho nol«oulttir •xtinotton coeff ic ients 
of hi flavanolds are approxiiiatoly double as oojopared to tbe 
oorresnondlng nonoaers, Ttils deeonstrates the presence of two 
IsolQtftd chroiaopboros of fl{3nraaoia per solecule of a blflcivanoid. 
The tiltravlolet spectra of cslxed sy^stems such as flavanoneo 
flavnnonfjfjfinlcone-flavoae or flavaoone-obaloono oooblne the 
features of staple flovaitoaet ohalcone and flavone ohroatouhores 
and these features are virtual ly reproduced In the oostposlte 
spootrtm of an equltaolar mixture of constituent aonoeaer units . 
Various reagents such as alusalnltua chloride« sodluia 
aoetatet sotlluia ethoxido and boric acld»30dlua acetate have 
been used successfully for the location of tia^'groups at 0-3 
and C-1, C-7, C-4' and C-T and or thop oi>91 tl on a respectively* 
In a flmranold co«pound. The ef fect of the diagnostic reagents 
en the spectra of biflavanolds are slwilar to those in aonoiters. 
The difference In act iv i ty of Oil groups oiay arise di^ to sterio 
factors, tliese differeooes have been irell exploited by 
nalcer et a l , ** In assignaient of wethoxy groups in Isogit 
and flnligetln, kayaflavone and soladopitsln e t c . 
(o) Infrared spectroscopy • t Hie infrared spectra 
of 5«iC)n blflavones show a strong band at 1960 o«*' as do those 
of Miono^-hydroxy flavanolds. The band i s characteristic of 
3a 
9•hydroxy tlmonea, and althoa<;h tlii* on group Is intnrattlly 
hy(!ro«|ttn<*}ion<1«d, the effcot of 3-o-altcylatloa and 3<-<»*acylaUoa 
1« opposite to ttiai sh«sm In tbe oa»e of staple O-'ttydroxy 
ketones, looatise of Intoraal hydrogen boadln<^ la O-hy^raxy 
ketones, the oarbonyI bends of these compounds show a shi f t 
of higher frequenotes on either O-eHcylatioa or D'-aoy 1 atlon. 
riovever, a Blmllar Gosipiirlaoa of the Infraroct speotra of the 
5-hy(!roiy flavonos and 5-<iJ ohromoaes with the spectra of 
tholr 3-<)-alUyl and 5-O-ocyl derivatives shotts a shi f t In the 
opr»o9lt0 dlreotlon» that Is to lower frequenoles, fhe reason 
34 
for this flooaoly has hoon dlsoussed by l^ oolcer and iianaetson . 
In nraotloe this effeot Is vory useful In diagnosing the 
prosenee of a S-hydroay flavone structure , 
(d) Nfnolear/lagnetle Hes<manoe (f4R) -igectrosooDyt The 
applloatlon of S*ia spectroscopy has proved to he the aost 
powerful tool In the structure deterninatlon of flavanolds. 
fiy the use of al ly I derivatives double Irradiation technl^ue * 
solvent induced shi f t s tudies^** » and rwry recently Intro* 
duoed lantbanlde induced shi f t studies t one can coae to the 
structure of flavanolds occurring even in ainor quantities 
without tedious and tiwe oonsunlng cheaical degradation and 
synthesis. 
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The yalti«:}t9 oontr ibution In th i s f ield have beeo naade 
erbw'n nnrt iliihet®^, 'iahry^^*^^, 4a«ei( 
Kmm0^*'^^ and Peltisr aa^t 4iali«uia^'***^^»^*, 
hv intterJiM' «1 t  !ttbr  " '  , 9 ioot^ , Ulark-i*©*!*^^, 
Tho ohe^nloal s h i f t s of the protons of r ings .\ and A prove 
to lin lorlepentlent of oaoti otiier, but are offeotod by the naturo 
Of r i n s C ( t ^ ^ I l l ) * The pealss a r i s ing froa r ing .i in aost 
PlnvfinoMs occur up fin M froji the other peitlEa* and are readi ly 
r«cof?.nl8!ort. rJiMs eitasalantlon of aa anfaa i l i a r spcctriw mill 
coamonly «5tort by tUo reooini t lon of these pecSs, whioD wil l 
often allOf? th« nuturo of rinj, 4 aad C, «nd the c l a s s of ooapound. 
In hand to bo Inferred* Tho reeiaiaing pooks in the aromatio 
rftfflon wi l l rovenl tho pot t?rn of 03?ygo« subs t t t u t l oa of rla:j H, 
and con fir s4 the nnturo of r ing C. 
t i n g At 
Th« «ost eoamonly ooourring hydroxyLation pat tern in 




Th« two A-rlng proton* of flavanoidis wttft tho 5 , 7 -
hsydroxylfttlon**^ pat tern %ir% r l«« to two doublets ( l«2.5 d«> 
bAtiraiiti T3»3 <- 4,0 frotsi t e t r n s e t ^ l s l lano i74;l), Tbio«e a r« , 
howBViir, saa l t but prodtctablo va r i a t ions tn the chomlcal Slllfta 
of C-4 an*l (IS orotoa s ignals depvn&ing upon ttio 3 - uad T<-
nab-ttltttJ^ata, 
tn fl'ivaiioii9s (l»') tlio 3,3~protoas give a s ingle p0si< a^ar 
'TT .^O'St wlt!» the atidlltioa of a tisrao Hydrosy '^,roup {tl<iV4Uioln} 
the ohonloal sh i f t s of tbeaa {protons aro ali^^Htly a l torad and 
T>attor»i ctinntf&s to a vnry stronf^ly o-J«pl04i pa i r of doublets* 
The presftoce «f double boad in ring 0 of flavonos and flavanols 
oaiitsas ft Biftrkod downflalti alilft of tbeso poofes, u^aia prodaoioa 
thf» two (r«o»jblot na t tarn ( f 3 « 3 - 4*0, l«a.S UJB> o«it of Q-, aiiU 
'=^ - fjroton«« tho l a t t o r appoar dowafield. 
%ll Jl-rln« protona appaar aroond 'Ts . l - . l . a , a ragioa 
jidnarate fro« the uaual A-rin« protons, riie aignala froa tho 
arowatlo protons of ao unsabst l tutsd a-r ing in a flavaaona 
n!>T>ear as a broad psatc, oentsrsd a t about 't'2,%9* In flavonas, 
the pr«ssno0 of C-rIng doubls bond oausss a sh i f t of tbs 3*,0** 
protons and tbo spaetrim sbows two broad pealcs, ona oontared 
at ^(1,00 (3'» 6») and tbs othsr a t ^2,i {3», 4«, 5»)*^. 
3S 
With th® tntroduotton of 4»-4>H ^roap tim d r ing proton* 
anpenr • f f«cUvely an a tour pctt*£ pa t t e rn , iach type of p«tt«rii 
19 OAII«<I ^^^ ntt t tern. ftitroduotlosi of oao »or» saba t i tuent 
to rtn% B /{Ives tho norraol ,WC pat tern . fhe hydrojiy group 
Increases tlio sbl^ldtn-; on the adjacoat l%3*-iirotoa» ana tl iair 
poa^s nov0 substnnttntly^ upflold. rho 2* »0*-protoai* of {lav.iuoans 
'iva s l m n l s oent<*rod a t cl>out 1 3 . 0 3 , Introduction of the 
Sti-rfj.'jublo 'j>on«! (flavonos antii f lavoaolsi a,4ala oa'JHCS tJis'So 
t>rotoii9 to resonate a t sjuoh loa?or f ie ld iT'2.Ui>>, 
Hints, Ci 
la tho apnotra of flavonos aatt Isofli^vonos of oor.jal 
fitr»ict«r«», tho olof in lo protons «',lve r i se to ui^nals noar T 3»^ 
find *f t .T , r0<qp©nttv©ly, Tiic t^ositlon of those o lof in ic peak^ 
rt#»pfin<1 noon the R'lbsti fcutioa of r iaga A aod J , the electron 
donating f roms oaunln^ tipfleld «ihlfts and e lec t ron aitUdruwini 
^roup oaii«iln»| downfiold s h i f t s . 
The spectra of tHe flavanonos (sa tura ted Hetrocycllc 
ring )oontain typical \^ X »ul t ip lo t s a r i s ing from ttie C-2 proton 
and the two a-3 proton^}. The C-2 proton i s s p l i t by the U-J 
protons i n t o a quar te t ( ciso^ Hz, trensMli Hx, double doublet) 
and oeenrs near T 4 . 5 , the preolse posi t ion depending on the 
i inbsti tnt lon of r in$ .(. fhe two C-S protons occur as two 
33 
quartet! < B-tat fi"3b«lT a«) near TT.a, Howevor, they often 
appear as two doubtotst ftlnoa two t lgnals of eaoU quartet are of 
low Inteneity, The C*3 proton in rllhydroflavooois appear near 
iT*?.! a» n doublet ( i « l l na) coupled to the C-3 proton whtoh 
99 
emi«» at ahotit'^ 5,6 as doublets. 
The relat ive storoocheialstry of 3'-subatituted fiavanonua 
can tisnally be oatablished froa a consideration of vicinal 
coupling constants and tho "il?•!/'» ©q'latioa'*. In o i l oa^es 
the hetroorello ring appears to adopt the cJiair or Ualf chair 
oonforatf^tlon In which the 3-aryl substitaont i s quaji-equatorial, 
'tasslcot and 'larthe , analysing the MX spootrum of hotrooyolio 
rinaj protons of 6,T-diaothoicy flovanonoi have shown the two 
vicinal coupling constants to be 13.5 and 3 . i Hz. Fhe foroor 
i s clearly a dlatrial interaction, thus establishing the oijuatorial 
charnctor of 3-^iryl group in flavanones. All 3-4iydroijy and 3 -
aottojiy flovnnonest which have been ejeaminod, exhibit vic inal 
oonpling ooastivits 13 Hz and were there fore» assigned the trans 
{dieqtjatorial)<»conflgurationy although in the case of nnturally 
ocottrrlnf oonpouads the poss ib i l i ty of epi«eriaation cannot be 
excluded. 
ffydroxyl Oroupst 
The proton of a S-0!1 group next to a 4<-<»arbonyl group i o 
a riavanoid f ives rise to a sharp signal at yry low f ie ld 
4 0 
(Y 3.00)^ oonjiiStunt uritli tHe stroni^ hycirogvii boodlns bstwaen 
th« two groups, fh* tntroduotion of « 3«-liydroxyl group whloti 
will ODpttrontlf reduoo the hydrogon bonding^ causes an upfl0ld 
shif t of this peakt white others whioh inerease tho hydrogen 
boniing» such as the opening of flavanoao to a ohalooxie oause 
a downfiold shift* Thus the position of S-hydroxfl peak depends 
aalnljr upon tho nature of ring C« Signals froa the 3* and 7-
hydroaey protons were ohsenredt hut the pea«s were no broadened 
W rapid oxehanse thnt they merged into tho haso l ine . 
e f fect of Snhstitutlon of Rydroiyl Groupst 
niethylotion of a hydroxy 1 group ootanonty produces an 
«pfl«sld shi f t ( '— 0.2 ppn) of tho s l jna ls of ortho protons with 
a sosaewhat saaller effeot on those of para protons end a l i t t l e 
or no effeot on the eteta protons. Aoetylatlon of the hydroxyl 
groun, as expeoted, causes downfleld shi f t of the ring protons. 
Solvent Induced Shifts studies of Jethoary ftesonancssi 
The solvent dependenoe of nethojcy resonances Induced by 
honxeme (re l s t ive to oonparatlvety inert solvent, such as CCl^  
or C0C1») upon eleotrottlO) s ter lo and oonforaatlonal faotera 
01 wilt 
have been noted * • Thn position and relative orientation of 
•ethoxy groups in aetboxy flavones oan be Inferred froa benssae 
4 1 
94 induo«<l solVQiit stiifta of m«ihoxy resonano** • 
.M I t has been obseinr«<l by D.ll. «rillians and oo<»«orlcerii 
that mithoxy groups at C-3, C-T, C*^ * nad C-a* exhibit larga 
posit ive (upflolcT) T valuss <A -fCQl^g-'r CWCl^  ^  a,5 to 
0.9 ppm) In the absence of aethojcyl or ftytlrosyt substitueats 
ortho to these groups (e .g . X i n s , Table - I I ) . fhls neims that 
«fori»s«lrt s i snats nova npfleld in beatseae relat ive to deutelo-
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riibi« •» n 
AViiluioii i^%'i^ - T'auClg) for G - 3 , U - 3 , C-T, C-a* and U-4» 
iB«thox3r r««onaQoe« In tli« absenoe of ort2io«>substltu«iits. 
Position of 0!o itoQgft of L^^  values (pp»} 
C-3 - O.OT to • 0.34 
C-3 • 0.43 to • 0,33 
C-T » • a.53 to • 0,73 
C-a* * 0.49 to • 0.51 
C-4» • 0.94 to • O.Tl 
T!jf» «5ib3< r^¥nti^ n in oon«islant with tts® format 
' aMttty to a l l thcisa aethoxf groups to oonjugato vitti tlie 
at«>otron witliara«lng carbonyl jroup. IW» ooajugatlon can 
lead fco a Afittr^aae in elaotron density at oxygon ato«s of OJe 
groups In qfUfistloti aad so sniianos «a assoolatloa wittt bensons 
at tliass •lactron<»deflolent s i t e s witb the rssultant inoraasad 
stifaiding s f f so t * . TUs C«3 swthoxy rasonanoss ara In 
eantrast dsstilaldsd ar only s l ight ly shlaldsd in bsnxsna 
(Tabla •> XI). this obsanration strongly sntgast tbat tba C«3 
•atboxy group in gaasral prsfars oonforaatlon iadloatad In iXi«). 
Tn this eonforsiation, phasa indapaadant assoolatloa of banxana 
vttli tiia oarboayl group wil l bava dasbialdlng laflosnoa on tba 
0-3 SMtboxy group , 
43 
^ino0 thn valUBtt of the C-3 aetboiEy group are ooly sl igtit ly 
smaller la liagnitudc than those for tUo C-7, c-a* aad J-4* 
mathoaor groaps, i t Is oonoludied that to the absoooa oX C-6 
«tubstltuaQt» thei preferred oonforaation for the 0-^ itethoxy 
Rrou!) Is as showtt tn CSLI)(i,o« as dlstoat aa poasibto from 
the negative end of the oarhonyl dlpole) . 
(XU) 
Tn eontraMt, the aethoxy groups laoklag one ortho 
tardi**!*" (!••• flanked hy two ortho nethoxy groups or one 
ertho hydroxy «itf one ortho itethoxy funotlon) show saal l 
pos i t ire or negative A- value ( A/af •0 .13 to -0.12 ppa). 
4 /, 
fh« r«Mon for th« aaalt poaitiv« or n«fallv« sh i f t la 
probabljr du» to soaa ooiiibliifttloii oft ( i ) storlo tntilbitioa of 
btifiseii« aoliratloQ of the eantral nothojor group , ( l i ) reduotloa 
In nolvattoa of oantral aathoxy group (ralntiva to ani»ol9> <tw& 
to the prasanoo of two ortho alootroa donating ttihatltuonta '^*^ '^ , 
and ( l i t ) solvation of the outer m^thoxy groups, tlie stereo* 
ohaatatry of boofcana aaaoototlon being suoh as to place the 
oantral nMthojty group in a region of deshieldin^, I'has the 
aolvent sh i f t of a siethoacy group at C*9 auffars a dragtlo change 
in nagnltdda froa a re lat ively large posit ive value to o siaali 
or noj^ntive value in the preflonoa of a oethoxy 3;roup at C-S, 
The C<-6 substituent should, therefore» lead to a higher popula-
tion of the oonforaier (KI*II) In which the methyl of the C-3 
funotionality l i e s in oloae proxiaity to the negative end of 
the earbonyl dipele (trhioh i s a region of strong deahielding 
due to b«nieeaa assooiation at the earbonyl group ) , 
(XLIl) 
45 
g«it»»iid inauovd •olirtnt «hirt» eaa ba •ahaaoed in 
oartain oaaaa by ttia addition of a l l t t l a trlfluoroaoatlo aoi<t 
(TT,) to the so»«t.o,. Of t h . co.pouo.1 l o b „ « n . ' » » « w a , 
appar«ntty protonatlon of eartala groups oaliaaoa tho t»«tix«n» 
assooifttloa at tbaao a l tos , Xa flavonos and otber ooopouads 
itils toehtilqaa h^lp9 to distinguish) botveeo nothoxy groups waiet) 
emi Ton oonfagate wltb ttie oorbonyl group (;i;JUIll> and ttiose wtiioU 
annnnt oonj|ti|:ato In the groand state {AAV), 
.<\ r\ i\ ® ® 
I I I 
Je • b ,» C - C - G « 0 
I I I 
ixuiv) 
thus tti<i basicity of tbe vetboxy groups oot conjugatad (tblV) 
with oarbonyl group i» groater tban those wblcb are oonju^atod 
( ^ t f f ) and so th0 foraer wi l t be oxpeoted to give «ore positive 
valuQs of the TFA*addltloa shi f t { A\OglIg/UQlIg-rFA), fhe fPA 
induced solvent shi f ts ( ACDCI^trA) of a 3 aethoxy group has 
a re lat ively large negative value (--O.dd to -0.44 ppai)t «bloh 
dlstlns^ulshes I t fron other ntethoxy groups* A possible explana-
tion l«i the formation of hydrogen bond between the protonated 
oarbonyl group and the oxygen atota ef the Snaethoxy group (XLVK 
The oarbonyl group wil l be protonated to a auoh larger extent 
102 
in TFA relative to a solution in benzene oontalnlng only 9>i TfA *• 
46 
If a S-nethosy group Is flanked by a subatlttieat tl&e a 
mnthoxy group at C-5, I t s fS'^ l indticad solvaat ntxitt in ovan 
!;rant«r tHan in ttia absanoe of auoh a group (<->a,43 to 0,03 ppm), 
Mabry ot aU havo recently raportad that trimetiiyl 
at ly l ttthara of flavanolila aro s t i l l battar darivativas for 
loenttnsi, eartain natboxyl groups In a l l flavoaa and jflavoriol 
ai^lyoonea and glyoosidaa u t iUs ing baazaaa Inducad ahlfta. In 
A(tditlon« wttan a 0*trinathyl s l l y l group la at C--*3» I t also 
an^lbtts a dlagnoatlo baasaaa laduoad sb l f t (-0,14 to -^»2\} ppia 
at oo<«parQd to •0«D5 to -»0.13 ppa for otbar trltiatbyl a l l y l 
groupa) and, furtbarnora* in beoKana a l l tba algoala for tba 
C-trl«athyl a l ly l i^ratsp* ara wall aaparatad thus paralttlng tba 
datarwinatlon of tha nuaber of hydroxy 1 groupa praaant In 
flairnnoid bafora trlaatbyl a l ly la t lon . 
4? 
^ n sttifllet of ttlflavanoldnt 
la tti9 «truoture elaoldatlon of t>iriavanolds otrtaln 
n«i«ftit Inforaiatlon eon be obtalatxl by ooKparinon of tbalr tiMt 
in«etra with t!ioa« of their oorr«9pOfiditig aoaoaars. :juo& a 
oholee, »i<iwev<»r, I9 oospelling but by ao aeana l a f a l l i b l a , 
'^y the hotp of doable leraAiatioa too^lqao I t &as beea posslblo 
to assign eaob and ovary protoa in tbo moteoulo • Atao ooaparl* 
•son of C^ 'l spootra of »«nt^l iHwl eoetyl derivatives of a b l f l a -
vanotd with tbosa of the blflAVimold of tHo otbior aeries la 
wblob at toaat one faonoriavaaold ual t la a lo l lar ly oonatltutedf 
t» very bolpful In asslsnlns eaob and Individual protoa and 
tbo position of the aothoxy groaps, Tho problem of l o tor -
flnvanold llnliage has been suooeasfally solved by» 
(a) ^lolvdot induced ahift studlee of aothoxy resonoaoes and 
(b) Liuithanlde Indtioed shi f t atudiea* 
(a) Solvent Tnduoed Shift -^tadlee of Methoyy ttaaonan^eat 
fhe queation of laplloatlon of • i ther C«^  or C«a In 
Interriavnnoid linkage uaed to be set t led by the re lat ive ease 
Of Mthylation of the hydroxy I c^oup at 0-3 * » • fhe doclsloa 
was based apon s ter lo considerations. Later studies revealed 
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tflt) to orraaaous nssj ^nnents. This intr icate problem of l a t o r -
ftavnnold linketg* botb In Mpti«nyl and blpbenyl ather typ« 
M flAveaoids bmt 8uoc*eisfully been solved by benzene induced 
slitft studies of wethoxy reton&n7jet^^®*^^'^*» I t i s now well 
esteniishedi that in the ta l ly alicylated compounds, signals of 
wetnoxy f^ roops ortho to «a aroautic-Eiyilrojiea atoa aove apfield 
by wore than 30 C/S, whon the solvent i s a*'^^^^ly changed trom 
ntire d^-ohlorofoms (or CCl.) to puro d^-benzene, but s i s a l s of 
fiethoxy groups lao^ cin;;^  snoh a proton show eithor no aiariced 
change or a sltjiht negative change. 
Tn omentoflavonei ouprosauflavone, and iilnolciClavono 
/" l - l» -0 - . | I -6 j7 aettiyl ethers a l l the siethyl groups Eaoved 
npflel'l { ^ 4 0 - 7 0 ops J on change of solvent froo d.-chloroform 
to dg-ben«eno showing that every siothoxy group has at least 
one ortho proton, thus ostablishin^ a C-^ rather than a C*-0 
linkage''^••^^•^*. 
In agatbisflavone hexeaethyl ether, on change of solvent 
fron d.->ohloroforn to d^-benzene, only five of the s ix aethoj^ 
groups shotrod large upfield sh i f t s (Fig. i ) . v^ ne nethoxy group 
WAS unique in that upto 90S dilution with benzene no shi f t 
was seen and then a strong downfield shi f t was evidenced. I t 
was rensonable to assune that the aiethoxy group in question was 
the one at C-4, flanked by ring 11-A on one side and a carbonyl 
3 0 4 0 SO 6 0 
'/oCgDg in CDCI3 
F IG. I l l 
6.8 r 
O lO 2 0 
O'/oCsDe 
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group on tb9 other. Ttils r««ult stiowvd that the llakiice aust 
be i f l - e , r i - a j ^ for agathltflavon* hajramethyl eth«r^***. 
^Ifflllarly In tha oa^e of hinoklflavona / " l - 4 • • 0 - 1 1 - 6 ^ penta-
A ft 
raet^v* ether (Fig* I I ) , only fotir aethoxy groups morecl opfiela , 
Densene Indaood sh i f t studies were also found useful la 
the ease of HGH &nii G3 series^. All aettxoxy s ignals ('fc.Od -
-m.a^J) In Ofi!l-II and B6n*Ul methyl othors aoved upfleld (F ig .Hi 
and IV). sitnilarly a l l nothoxy signals i s GJ-I heptaaiethyt 
other showed posit ive shi f ts (PIg. V) indicating wl tii the 
eiroeptlon of the CS-3 aethoxy grou.T In ring II-C) that each has 
at least one free ortho posi t ion, th i s ovldeace supported the 
C-3/C-S linkage for the tito s er i e s . 
Limitations of the Solvent Induced shi f t studies? 
Tho Method of aethoxy proton shif ts* aithough very useful 
in structure deteralnation, may lead to erraneous assl^niaonts 
i f not U9«d with oautlon . The following cr i t er ia have been 
laid down for an appropriate use of the aethodt 
1. The aethod should not be used directly for ooapounds 
containing phenolic groups. 
2. F<:ven acetyl a i l on of the phenolic function does not 
ooapletely overooae the d i f f i cu l ty . 
6.0 X 
2 0 4 0 













•L. •" C - * -^  " 'X^ •»• -.. ' ' 
, , , 1 1 • I - J 1 — - ^ 
D 10 20 30 40 so 60 70 80 90 lOO 
0V.CSD6 lOO-fcCeDs 
100-/.CDC.3 0°'-"<^'3 
F I G . VI 
• i 
50 
3* Only the ful ly asttiylattit ooapoimds ar« »af««t to iui« 
but 9vn th»a tit* r««ults say be al«leading i f solvation 
of a aaparato s i ta olosa to ttie matboxy groups t>aing 
M ^ too 
axaailiiad oeours • 
4. In tGil oariest II-3»-«othbxy ijroap of iiGH-II aathyl 
ether appears at an oxoopfcionally higli position CfOtab) 
In cnci^. rriis i s suggestive of i t s boing entirely 
internally «olv«t«<l. A tvodel of this biflavone shows 
that tlmre oro in foot certain posit ions in whiob tbat 
particular taetboxy group can be solvateti by a benzene 
ring of tbe other flavanoid unit , thus rendering i t 
unique in being res is tant to external solvation, t^a 
ohnas^ e of solvent from 00C1» to O i^i^  a l l the eiathoxy 
i^ roups were expeoted to raove upfield by uoro than 3U ops 
as each aathoxy group had an ortho proton* Tho aetnoxy 
gronn in question (at ^ 6 , 3 6 ) , howevert moved very 
l i t t l e (Fig. VI). 
(b) banthanide Induced sh i f t Studies* 
f>uring the last four years luothanide sh i f t reagents 
(LSR) have been extensively used for the structural and oon* 
for«atlonal stndiea of organic natural products**^'''"**^, rUe 
Introduction of these reagenta IMS greatly enhanced the power 
and versa t i l i ty of mn speotraacopy. rhe addition of a lanthanide 
51 
th i f t rtagftiit to an "U^ <iolutlon of a oovpooad whloh poaaatias 
nn mpproprimtm lone pair of aleetron oatisaa tha proton 
retonancas to bacomo "spraad out*** ofian into a f irat ordar 
patternf Halclai; poaaibta aafe aaaignaieat or foraaliy non* 
antitvalenty but uaaally oolnoldant reaoaanoes and anabling 
deooupUnq o-fpfirliienta to bo earriod out, iovaral hundred 
pnpara Hme appeared doaorlbtng tbo ase of ttieao raag{>iits 
lv)7 
since the f i r s t report by ilincltley • 
The lanthanide induced shifta (L*I^  or AS)^} are aiie 
prinnrily to paoiidooontaot interaction , resnltin^ from tbo 
aasocintion of lanitianide oosplex and lone pair ftuiotionQllty 
of tbe substrate, and for any particular (aoieoule at a iL^ in^ en 
temperature are inversely proportional to the cube of the 
internuclear distance (r^ } between the lanthanide aetal ion 
and the proton mider consideration (eqn.l) •* ^, 
Equation ( l ) shows that the principal factor influencing 
the shi f t of a particular resonance in H-A'I speotruM, i s the 
distance* either boadvise or spat ial ly separating the aetal 
ion froa the proton which i s responsible for that peak« thus 
the closer the proton te the wetal ion in the shi f t reagent-
substrate ooaplexf the greater the shi f t observed. 
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I «aor« ooaiplAte fora of tha •qaatlon ( l ) i s •qn.(3) 
vherci A I s ttis aagl« desorlblag tli« position of tiia proton 1 
relstiire to tbs prloolpal nagaetlo axia ot the lantfaianida* 
snbstrate oonplax r. i s tiie .:u-inl«rnuclear distanos, Ai^l Is 
the psaudooontaot shif t for the i th proton and i Is a constant* 
The angle tera (.3 oos ©. -1) i s posit ive for 6 values froa 
0^-34® and froffl 12e**-130** and posit ive A^l (shi f t to iower-
flwld) i s ohsorvedj however, when @ has a value froo 33** to 
133^, the angte tera end A 1^ 1 heoosie negative ( i . e . sh i f ts 
to hli'her f ield are o b s e r v e d ) . 
AiJi « H: (3COS^Q -1) . _ ^2^ 
The most ootssionly used ooaiplexee are t r l s (dlpivalo-
mothanato) europiurn ( I I I ) , Uu (»?M)g and t r l s (dipivalo-
taothanato) praseodjriilua ( l i t ) , Pr(i)PU)g**^, where IWPrA 
represents diplvalonethane which i s 2,3,6,d-tetra-«Kethyl 
heptane«-3,3«-dion». The two are ooaplenentary in that Uu(i>F4)^ 
sh i f t s proton resonances to lowerfleld while Pr(i}l*4)^ shi f t s 
resonanees to higher f ie ld . duiDP4)^f however, i s generally 
«ost asefttt beoause the t-butyt resonanoe of the complex 
appears above T43 and thus does not interfere . The t*-batyl 
reeonanoe of Fr(DPii)^ in the presence of substrates, occurs 
in the 3-5 S range and can •ask resonances of interest in smse 
easet . I t i s special ly useful for the observation of aethyl 
grenps in sterolds^^^ 
53 
t l 2 
f^Ofi4««a and il«v«r» hmv r«porttt(t tfeiat «uropiui8 «o(i 
prastotiynlna oottpt«x»t of idyltayStdtdHtieptaflaorooTfT-difliothyt* 
4,*^--octaQedlon« (P^D) iir« superior s^ift r«ag«nt» for weak Utwls 
bas«9 suoti as ethers snd es ters beoaaee of t ^ i r greater eo ia-
b l t l t y and Inherent greater ease la handling. 
The fflai?nltude of induced ahlft for a proton i s usually 
oicpressed in t«iriafi of *S-value* proposed by Cookerlll and 
111 
"*aoS;haffl , a«i the alope of etralt^ht l ino obtained by plott ing 
th« <»hlft value ( Av) against the aolar ratio of :« (DIM)^ to 
a *»ubstrate. Usually »pootra are deterialnod at 3-iU dlf fersat 
aolar ratios to obtain ©ooh slope* The larger tho 6 value, tho 
greater the j^articular proton is shifted donnfiotd by tho sh i f t 
114 
reaj^ t^ nty i t i s suggested * that the shi f t reagent exhibits i t s 
effeot by estah11<thiient of a rapid (on the Tli time soale) 
equltibrl;ia between a labile oooiplex of du (,UPM)„ with a Lewis 
base and unassoolated so lutes , fhls l^iblle ooaplex contributes 
very slgnlfioantly to the observed sh i f t throuj^h at least two 
neohanlsflis, through bond and through space, fhe former i s 
ioiportant whwi only two or three bonds separate hydrogen aad 
europluM, The tatter e f fect beooaies dominant when four or more 
bonds are involved i f olose iqiproaoh of europlua and hydrogen i s 
l ike ly . In the ease of polyfunctional molecules, the observed 
parasiafnetio sh i f t s are suets of contributions due to siagnetio 
Interactton froa aetal association at each s i t e . 
o4 
Kftwnno «t «!• ttavt r«o«atly reported parattagneUo 
Induoed stilft etuaies In the *UH ftpeotr« ot flavoaee and 
biflavoiies uslnf en (POD)«, fiiese studiee provide an exoelleat 
nethod to dletlngulsti between a proton attached to ei ther 0-6 
or C-'H of a ftavone nooleus because U*6 shows uaoh iarger shift* 
than 3-6, 
The reault on four raonoflavanoid laothyl others, naaely 
atjigenln trlraethyl ethor ( K M V ) , Q-eothoaty apigenin triaotiiyl 
ether (tliV), qacrootln pcntasiethyl ethor (XLVl) and ayrioetin 
hexasftthyl ether (XtVII) are recorded in Table 111* I t follows 
that (a) ttethoxy grotxp at C«^  position shovs the largest sh i f t 
it2*H /^ 18,83 {)p@} aioaning that oofflplesatloo occurs mostly at 
neighbouring oarbonyl group, (b) 11-3 shows considerable uhift 
(3.T.^T,1« ppa) when ooapared with that of U-3 ( l ,12'^1.50 ppm), 
(c) n or OCH„ attached to side phenyl groups show the least 
s h i f t s , and (d) tl*3 ( -1 .54 , 0.09 ppis) and 0CU^»3 (0 ,03 , 0,\)2 ppn) 
show rather swell shi f ts in ooaparlaon with those of 0<-tiU»-6 
(5.16 ppis) and O-cU^-7 (1.03 ^^^ l . a s ppw) whose positions are 
at a distance frov carbonyl group. I t i s noteworthy that the 
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* AsslgiiBWit ! • t « a t « t l v « . i»«r«ntli«««t sliow ••thojcy proton 
• l i l f t t . Spootra vtro taken I n COCl^ solot lon ualng I n t o r a a l 
IMS. •* 
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"^ ix fully atthylatod biflavon«s» nenaly, h«xa<-o«ttett^l 
Cupr«s«uflavon« (Wh), b«xa-o-««tbyl agathlflflavone (Wlf ) t 
hesTR'^ o-niethyl anentaflavoae {Xf^p)» penta-o-tBothyl hiaoiclflavone 
(TT/ITl), penta-o-««ttoyl/*I-4«-o-II-8j^ blapeginln (XilTIIIb)**® 
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Table » IV 
S -Valnee of fully nettiylated blflavonea by f:a(fti8), 
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The Induced 9tilft show In sano tendouoy at obacrvad 
for In four ftonoftavonaa. In biflavonest A tialf aaouiit; of 
used raafent i s affeotlva to eaott flavone laoleculet iihen tbe 
•ana molar ratio of tho raagaat i s addad, Uowevart ucti^-i«3 
aad 0~cn^-lI-5 show two diffaraot shi f t value frcwi eaoti ottior 
except for a symootrloal oofj^ound (xvh). Ibis siaans tbat OOIB-
ploaration of r,\t{f^t))^ to both flavone nuclei i s not even but 
charaoteristio to eaoti co^ apound duo to ttioir ohe^cal struoturea. 
I t i s lntf»ro9tlng that :i-I-3» and il-I-S* of compound C/b show 
a ffloch larger sh i f t vnlua (2,00 ppa) than those (o.iO/-10«24 ppm) 
of the other eoapounda perhaps because t^e aide phenyl group i s 
attached to 6*>position of the other flavono auolcus. 
fhc largest shi f t value aaong those of i{-l*s and U«>Il'-S 
tB 1*14 ppa (compound tWlTi ) , which i s s t i l l ffluob smaller value 
thnn those of »I-I-6 and n>tl-« ( 3 . T 6 ^ S , 3 0 ppa), fhis fact 
aakes i t possible to distinguish between the protons at positions 
6 and S in a flavone and accordingly to decide the interflavanold 
linkafe through either C-6 or G-^ in bif lav ones* 
As described above, tt-3 of the O-methoxy apigenin 
triaethyl ether (tUV) shows mn up field sh i f t (-1,34 ppn in 
Svalue, fable I I I ) in addition of jtt(POl))g®*. aowever, this 
proton shews dowafield shi f t ( A £u « 3.04 ppn) when c:u(urM) 
i t used as a shi f t reagent (fable V) as reported recently by 
Kawwio et « l . * * ' . 
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T^ln oonttituttn tb» f i r s t •xanpla nt a proton signal shift ing 
in opposltft dlreotlons du« to different reagentst i^ u(uPM)^  and 
'^ n<l'0&,^  (2.04 ppm ana - l»50, respootlveiy) . fhe presenoa of 
aethosy group at C-9 in the 3|T-diootiiojif flavone derliratives 
seeas to bo aa itaportant factor in tbe pheaoiaenoo because tbo 
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Simitar sh i f t values (1.79 ppa and *i,il>», fabteW) to tliose 
or ooapotmd (Ub) wban KtiCof*^ )^ ! or iu»{f\*0)^ are added, ^*fflotiioxy 
apigenln triaeth^l ether (i>o), however, showe ainlLar shif ts 
( t i t t l e shif t of -0,30 pp«) by Ku(roO)j and re lat ive ly large 
dovnfleld shi f t of 4,35 pp« by Bu(Ui»sl)g to that of tri-o-wethyl 
aplfeain (Ua). 
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Tftbla * V 
Vfflluofi of H-3 tron IMS and na values by shi f t roagents 
4 *,S,7-Trlraotboxyflovoao 
(T^.^IfTa) 0,m 0.04 3.8<i 
4* ,S,9,T-r©tra3ietho«yflavono 
(^n^mib) 0,59 -i.ao 3.04 
4•,5,T,8»Tetraa0t&oxyflavoae 
(tLVIIIo) 6,G0 -0,30 4.33 
5,0,7,8,4*«f'eata!a0tno)fyflavoiie 
(tr^VTIId) 0.00 - i , 9 0 t.T0 
•^tfl Cor relations I 
On lootclng at tba proton otiossioal sti ifts of m& QOtboxyla, 
tho AOdtoxyls an*! the rtng protons, oortaln important oorrola-
tions eaerga whloh have been found useful In structuro eluolda-
tton of blflMvaaoitls (Gnci„ spectra seeoi reasonably oosaparable 
with (Oi>^ )2CO speetra tboiigii aei tber irttti pyridine nor benzene 
siieetra). 
t . In bipheayl type biflovanoids, such as aaentoflavone» 
oopressuftairottet, agatbisflavone e t c , the peaks of the ring 
protons inveWed in interflavanoid linkage appear at so«e»bat 
lower f ield ( /-J.S ppa) as ooapared to the clie«loal sh i f t s of 
sane protons in nonoaer, due to extended conjugation. 
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2. Tti# fli«tUox)r groap at C-S of C-3/C-6 llnke<I biflavaaoids 
or an 3»link€Kl nonoflavanold iiolt (wltii aroaatio ring A or it) 
of A lit flaivanold in alt oa»e« airaiBinod so far appoars below 
T'G.OO In deuterloelilorofora^ (falile n)» VhiB obsanration 
amy b« explained on tbe basis of estandea conjugation, 
fablo - yi 
Iftthoxy Proton sfiifts ('tvalaea) of oomplota aetUyl otbar 
II • II • III iiiiiiin I l l iiiii.miiiin 11 —I III Jinn i • • ii i i i . i n 
!nflntron«>i f^c^ le-1-a a ia - l l«5 
1. Ciipresauflarone / " l - S , 1 1 - 8 ^ 
3, Aaentoflovone/*I-3», I I « 3 ^ 
3, %athl»flavon© /" l -© , II-sJJ' 
4» ninokiflavona /"l -4*-0«l l -8j?' 
5, Cft?-! /~I<»3, 11-9.7 
6, Faicttf^atlii (Moralloflftvona) 
/ " l - 3 , I l - S ^ Abova 0,01 
sip«etra run In GDCl, at 100 iliE, t4S aa Intaraat ataadard aTio.oO, 
On ohmga of aolvent from CHCl^  to pyridina, I t haa, 
ho«avar, baan obaerrad that auob a aathoaeyl in biaotci flavona 
pantaaettiyt atber /" l -4» -0 - l l -^J7 appears abova 'f 6,00 wtilla 
that m 2ri*4»-0- l l -e_7 Unkad blflavona balow Te .OO^*. Thi» 
dlaorapanoy waa axptained by tha oontidaration of iafluanoa of 
aoWaiit oa ohaaloal shlft*^. 
9 . 3 5 
6 . 1 3 
0 . 4 1 
0 . 0 0 
Abova 
5 . 3 3 
3 . 9 4 
3 . 0 5 
9 . ^ 3 
8 . 0 4 
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3« Of •x«y.iiiti$ tlio ««th03i3r and aottoxy tbiftt t oert«iii 
asefol oon>«latioii9 9wmrg9 but tli«/ should b9 a««d only «• 
stinporting «vldoiioo* I t I t t>y looking at ttio useful strle* 
(poronty fdlly notfiylatod aad aootylatod prodoots) and oo^pBTing 
aal t lpl lo l t le t and poaitlona of tho aromatio protona safa 
assij^aaent oan too 8iada« 
4« AroAAtlo protons are ooisplatoly solf«-oonsi9tant la 
ottproasuflaYoao, agattiiiiflayonot ((Msuned valaes of riag Xl-a), 
ameatoflorone and Ulnotclflarono sarios* Ttio p r^otooa of ring 
1-9 appoar oonaistoatly lower tbao thoso of rlog II-0^^*^, 
5, The protons at C-Q in ring I-A of a^athlsflavone 
/ * l - 6 , II-sJ^ Aethyl ether and at C-8 in ring II-A of hlnoid* 
flovone /"l-4»-0-II-6jr nethyl ether appear at esecoptionally 
low posltlonst T 3.00 and 'Ta.as, respeotively* This amy he 
dlagaostlo of 'l'^ (ring Aj of a 6««ah8tituted hlflar.sioid 
iiethyl ether both of blphenyl and hlphenyl other type* 
6, The aethoxy grou^ at C'-S in ring I-A of agathlsfloiroae 
Methyl ether (^6.41)^** and tGfl-II aethyl ether « 6 . a e ) ^ 
showed ntp at eareeptionally high field than the other asthojiy 
groups. This intsmal shielding effect i s also evident in the 
case ef ehaloenes> BGH-III hsptaaoetate and dGU-II-ootaaeetate% 
in whleh the protons of mie aoetoxy group appear at Y 8.0S 
whereas those of others at < t.2««->T.30. 
4 
?• Tli« d«p«iidenoy of il«6 of ring IX»A itpoh i t s «odo of 








3 .41, 3.42 
3»38 
3»3e 
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rlnii 1*3» II-Q 
• i 
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8. The proton aasigmsftnt of blflavanoida witti roforoitoo to 
mn. data of the oorroaponding aoaoaora ahould be used o l tb oaution. 
This i s evldanoed in tbe atraoturo assigaaont of 1-4*, XI«4*« 
di-0-«»t!iyl otipraasuflavono " vbiob was later rovissd to l -T , 
fl .THli-O^ethyl oti|jr«ssuflavoas^^»^»^*. 
9, In tbs ease of oupressuflavona ser ies i tbe netboaor 
groups abOTs 6.20 witb tbe sjteeptlon of lI-5-«onoaoetyl pasta-
0-astbjr1 eoprsssttflavons are associated witb a 1-4* (11-4*) 
grouping , tbe aes to i j groups at I -7 (x i -7 ) always appear above 
'r7.90 wbile tbese at I -S( l I -5 ) and I-4*(ZX*4*) sbow up abore 
<7.45 a«d f 7.90 respeotiirelr^^. 
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10. Tti«r« i t a largt diff«r«ao« b«tiie«a ibm eHvaloal sh i f t 
rulmm of H*Xt*0 (^3 ,40) and n-II«8 ( < 3 . 9 5 ) for th« hiaolci* 
(e) M4SS 3P^ .CTR(»tST«Y 
Tlio aasa speetra of a vide varietjr of organio natural 
pro<liiott bave been stadied only <tiiring the laat few years* me 
tn trod not! on of tfie in l e t syetea aultatile for vo la t i l i sa t ion of 
M§h ffioleoular weight (H^^ 300-1200) organic aateriala baa 
jjreatly inoreased tho u t i l i t y of aasa spootroaetry. Generally 
fragoentation i s related to tiie etruoturos of tira intact Dole-
oule* tleoently a number of papers on tbe evaluation of atructure* 
fra^entation pattern relationship in none and biflavanoids 
hove appeared* 
Plavonaat 
i i d la a recent pep^r Kingston has discussed ttM taass 
spectra of a large ntwber of flavooos, flavanols and their 
ether derivatives, lie has suMvarlsed tbe laanner in which aono* 
flaveaes fragaent as follows! 
(a) riavoses with fewer than four hydroxy groups de not 
readily fragaent, a ooasequenoe of the s tab i l i t y of their noleeular 
ion. 
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(b). Pl«Toii»« with f«««r th«a four hyaroity j^ roupa tend to 
imdorgo <l«o<mpO!iltion prmdomknfmtiy hy may of tim rotro Oiolt* 
117 118 Aider prooaat * • This and othor ooauioa fragaraataUoa 
^rooestat art ahci^ o^ la Chart - 1 uaia^ aplgaoin (XXXVIH)** 
as a typical 9xaa{»lo« 
(o) ^ ^"-l^ ion i a often found in t£ia raaas spootra of 
flnvonofl, i t s origin i s i tkoii«Ter* o&soure. 
(d) Tha pr«a«noe of ion (o) (Chart*!), froquoatly nore 
intonsG isfhon a 3-hydroxsr group i s presont* la attrlbutod to tho 
altoroatiiro mode of retro-Olels-Atdar fragnontatlon also depioted 
in Chart* 1. 
(e) Douhlf charged ions nre frequently present* 
( f ) When heavily suhatitated with hydro:iyta and iaethoxylB» 
the flavene tends to fragment in a leas prediotablo aannor, 
retro-Diels-Alder process heooo^s inaignifioant and the speotrua 
i s doaiaated by the noleoulcur ion and ions at ^«1S, A^ZQ and 
The prinoipal peaks in the auiss speotra of flarones (l-^t^) 
are given in Table VII. The aiajor oonolasions deduced froa 
analysis of these eneetra and other speotra in the l iterature 
are dieeussed as: 
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-CQ > Mr2 8~^' 
OH 0 
(XXXVIII) M*270 ( 1 0 0 ) 
(C ) m/el21 
Alternative Retro Diels.Alder 
process to give fragment CCD 
/ \VoH 




: ^ • Q / ^ ^ ® Retro 
+ 0 = C = ( _.V:OH<-
K\-fy/\j^ Diels Alder 
OH 
/ 
CC3 m/e 121 C H A R T - 1 
OS 
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(!<»Wl% U>st Of iijrarogtii fro* tti« solaoular ion I t a • l p i l « 
fteant f^roooss to two <!latiaot s i tuaUoa*. 
( i ) ti09« of Itjrdrogon l« obiorred from a l l tbe aaaplea 
•jrasinod vhloh oonfcaln a free 3 - or S-hydrojQPflavona ( i7 ) w&iora 
frasnentatlon i s doalnatod t>y ttio Intotiao (a{->OU)^  ton* ilila 
observation m;^  bo rationalised by tbe asstssption tbat loss of 
bydrogen occurs fros tbe S" or tbc Q-^U srotip to give tbe stablo 




( l i l l l ) . 
(Chart - 2) 
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( i t ) nydrogon atom in lossed from a l l tho flavone metUyl others 
nxamlned #iioh have an UCIU group a t el t t ier ttio d-posit ion ( e .g . 
QompouodSy 13, 14, IQ, 13, 19) or the 5-f>osltioa ( e . g . ootapounds 
3 , 5 , 13, 16, 19, 19), with tho exoeption of the coapouad (10) 
ts^ero another aore faol to fra^iaentatlon totcos plaoe. The ii-atois 
l9 probably los t froai tho 3 - or tho S-OdU group, an<3 i t i s 
propose*! that tho loataed C'1 group dtsplooos an U-atoa froa one 
of those '!;roiiBS tslth tho formation of tho s t a b i l i z e d in toraodla te 
(LIV) or (LV) (Chnrt-3) , 
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V2 
Tliis ion ig abundant in the aasa speotra of a l l tlie 6 -
an^ ^-«8t!io»yflavone8 examined (e»g« oonpounds S-lO), I t I s 
nlfflost certain that formation of the stable quinonold cation 
XL (or the Isoaerio cation derived from an B<-<aetiioxyflavone) 
from tho f>rocursor (X'v*llt) (Chart-3, aaCUg) provides tbo driving 
force for thlg fras<9^A^< t^^ c^ t which i s so fac i le that ooiapcting 
fragfs^ntatlon«« such as tho foraatioa of the ( l -a ) ion are 
greatly reduced (e .g . ooapound iO), Tho 3-£it}thOKyf lav ones exaoined 
(e*^. cois!n«7unds 12* 14, 19, iS , i9) a lso display a laoderately 
intense or Intense peaie at (:J-C/I»), presuaatily duo to formation 
of the stehi l izod cation corresponding to ( K U ) frost (XXXXX) 
(««n, n*«cn[jj| Chart - 3) . In this case, however, loss of a CL1„ 
radical appears not to ho compete so effect ively with other 
nrocesses such as loss of an a-atOQ (ooEapounds 13, 16 end id) 
and the intensity of the (jtl-ClK)^ peak i s thus diagnostic for a 
3 - , 8 - or <3-9iethoxyflavone, but failure to observe this peaic does 
not necessarily exclude the presence of a Snaethoxy ^roup. 
(M-oa)* and (j^ «rf)n.)*'» 
119 190 
Sovie and ^hite • have reported that the spectra of 
a l l those flavones with a 9«0Ci{|j group exhibit ^-17 and .^-18 
peaks. This eould be explained on the basis of '*Urtho effect" 
observed In the case of aronatic carbonyl oonpounds containing 
an ortho vethoxy substituent, resulting in the formation of 
liensefuran type Ion (KK)4V}. 
- H 2 0 
n 
ii^n) 
tile !4-lS ion I s generally produced by two pathways* 
«l-nii-4l and :t-%UO (oietastaDl® ion substantiate a l l ttieae processes), 
Tsotoplo labetttng studies In 0«aethyl benzaldehydos show that 
osygen of the ©arbonyl group i s speoif ioal ly involved in the 
120 
e l la lnatton, process • 
t!otrover» the spectrua of 3'-0D,4%5,7~tri'-0-«aethoxyflavoao 
shotved that the phenolic hydrogen i s spec i f ica l ly involved in 
H-19 process* Purtheraore, a large number of flavaituid ootapounds 
with no S-«ethoxy substituent also exhibit s ignif icant loss of 
t? and 13 tiass units , thus v i t ia t ing a simple "ortbo effect* 
explanation of the phenomenon. 
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( M ^ q j ) * 
4 nttitber of flavone aethyl ethers examined yielded Intense 
or Moderately intense ions oorrespondins to the loss of 19 sass 
waits, or HgO, fron the aolecular ion« I t was noted that only 
those ooapotoids (13, 14, 18, 19} imioh had ucn. groups in both 
V4 
tfi« 3* ftnd tbii posltionn i«r« ttils ion, and altliougli i t s origin 
in obscure i t could thus be of diagaostio importance in ttia 
structural analysis of ftavanoid aottiy^l ethers. 
litis ion of postulated structure its¥lH) ionm the base 
ppiaU in the speotrua of ooapound iS (bVll)* A nunber of other 
fflothylated flavonos also yielded < I-UCJU) poais of aodarate 
Intensity • but the intensity of this pea^ in the speotrusa of 
m suggests that i t can bo used as a diagnostic tool for 3*, 
3-<Sini0tho3iy flavonos. 





( L V I I ) (LVIII) 
i'4^n CO)*i 
these ions are signif icant in the spectra of 3-6, and 
S-«ethoxyflavones investigated (compounds a->iO, 13, 14, 16, 19), 
14 o Metastable aad high resolution evidences indicate that the 
loos are forMed by loss of CO fro« the (a-Cjlg)"*' ion, Since 
•;5 
oonpoundA S-10 do not oonlaln a 3-«etbO]iy group, lost of CO muBt 
ooour from the quinonold ion (UX) (Cbart«'4) to glva an Ion of 
posiiitile struotura (LX). 
!>os9 of CO froa (LIX) would bo expected to ooour readily 
by analog with the faol le loss of CO from ben^oquinonos end 
naplittioqutnones. A few ooapoonds wltti no OCU» groups in the 3-* 









- l t H3C0 
OCH3 
=0 ^ < k ^ 
0CH3 
(LO) 
(Cbart - 4) 
•;6 
I t may thns b« conctud«d that tlio ol»senr«tloii of an Intanse 
peak a t (liHl3} l a dlagnostto for a d-i 6* or S-aubatl tutad 
aetliQvyflavonea, but tha observation of a vaa!c peak a t tbla 
Riaas 1« Inoonolusiva* 
nD,\ fragiaenta (A^U) . A and {A-41 '^^  
These tons are in general signlfiocmt only for flavonus 
betariag fowor than four oa^rgen subs t l tuents* alihou^ii tUo \,.**d) 
n«ak can be Intense in the spec t ra of a S-hydrosytlwonoa with 
as siany as five oxygen subs t l tuonts (compound 17), On the other 
hand, aptgenln t r lao thy l dther(3} shows only wealt peaks due to 
th i s fragtaentatlon» so I t I s a soQet^at unrel iable Indicator of 
molecular s t ruc tu re and subs t i tu t ion pa t t e rn . 
This Ion gives Intense to aodorate peoK In the spect ra 
cf oowpotmds 8-11 and a lso of some other 0« and a-methoxy-
flavonas . ' fetastable •easurenents oonflria that the 
(*-CHj,)* ion a r l sas by fragMentatlon of the (4-CUjj)* ion as 
Indicated in Chart - 4 (LlX - hx)* The (A«CH^)* ions should 
thus be useful diafnost lc Ions for the s t ruc tu ra l e lucidat ion 
of «* «tt« SHiethoqrflavoaes, with the low in tens i ty in the 
speatra of 3,eHll»etlieayflavMies****, 
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m)A frmaattf n* and (B«t5)^t 
Tliesfl ion aro »ost abaadant In the apeotra of flavonea 
with ii{»to tiirae oisygea stit|«tltueiits» and provide useful dlag^aostio 
peaks. The noro fully oxygenated flavonea djguiial--{tlve abundant 
loas of this ooaposition. ^"^-"^ '^^-^^h 
C* and (C«C0|% 
, i,/ Ace No. ^. 
•A TTjy.^C) i < 
„\, 
,C3' 
Those ions are moderately abundant In tEr*iri]uotra of 
nearly a l l the flavonea exaiatnedi, and thoir abundance i s roughly 
Inversely proportional to the abundance of tho HM fragsaeats A« 
( A - 1 3 ) * , and n*, Thoy are thus toportant diagnostic ions in as 
ffluoh as thoy ylold inforaation on the ooaposition of ring C ond 
h<*noe| by differencet on the deoompoeition of ring k a l so . In 
particular, i f a fully nethylated flavone which doea not show 
intense *tiU fragnents i s examined, the possible aass nuobors at 
trhicb fragments can ooour are restricted to a saiall nuaber of 
p o s s i b i l i t i e s , naaely the ions at a/e 103, 133, 16S and I9d for 
flavones uasubstituted and «oao, di end trisubstituted, respec-
t ively in the ring C. In such a case, i f attention i s l i« i ted 
to lone with these a/e values, the nost intense ion wil l be one 
corresponding to ion, even when a l l the fragaents examined are 
of re lat ively low intensity , m i s "rule" has been found to hold 
in west of the oases exaalned. Partial ly Methylated flavones 
can he dealt with by a siwple extension of the n/e values 
considered. The observation of a second ion with a/e (C*28) i s 
eonfimatory evidence for the fragsentatien proposed. 
Vs 
noubly Charged Tonat 
Pontes das to doubljr charged Ions are tioderately Intense in 
the speotra of al l the fla¥€mes esresiaed, and oim be dlstinftulstied 
from other 8lfl;nlfloant peaks due to fragnent A, U and C, by the 
presence of i'sotopo peaks at non-integrol masses. 
Flnynnonesii 
In tho case of flavanolds with rednoed betrooyolio ring, 
fragtacntations by path A and u are of great importance as they 




(Chart « 5) 
bother Method of breakdown, that helps to ohoraoteriss 
the flaTMiones i s the loss of either a hydrogen ato« or an aryl 




Th^m fragaentatlon prooessea are l l l a s t r a t e d in tlia case of 
4*-«aoth93iyn«vanone (L.KII) (Chart - 6 ) , THo fragaent with oethoxy 
group takQs nearly a l l tlio ohargo duo to reaononoe a t a b l l l z a t i o n . 
// \VocH3 P°'^ >^ 
+ • 
m/e 253 (30.0) 
OH 
m/e 14(1.0) 
^ " - ^ ^ p , H2C ^ ^ 
0 
m/e 120 (3,5) m/e 134 (100) 
-CH3 i-
m/e 121 (30.0) 
m/e 1T9 
(13.2) 
m/e 91 (12.0) 
(Chart - 6) 
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\ further poak is at a/a lOS arising frcw a hydrogen 
transfor reaction. 
co?^"— 5' 
Tho prosonoe of hydrostyl or oothoxyl group at C-4 posl l loa of 
rlag 3 fao i l l ta tes t ^7 enlianoed rosonanco s tabi l i sat ion of the 
resulting fragi^ent Ion, tho formation of p'-hydroxy bonzyl or 
p<-taethoxy benzyl ion (or their equivalent tropoliua l o s s ) , 
respeotlvely. These ions appear as poalcs of eignifioont intensity 
I . tbo aa.s .poctrm. of narlnsonln<t) / i t . m Q « t h , l otHer''^. 
~1 + 
•- CH2 J 
(r) CB/O 107 
The Mass speotrun of 3,S,7«trihydroxy-4*'-nethoj(y flaranone) 118 
la of great Interest , as the base peak i s neither the laoleoular 
0CH3 





m / e 3 0 1 ( 2 6 ) 
IH OH 
m/e 286 ( 9 5 ) 
OCH3 












m/e 136 (8.7) 
• m/e 13 7 (100) 
&2 
ion nor « fragaent arlalnig trou br«ttlcdoim via patb A. I'ha loss 
of A hydrof^n aton foilomid by th« loaa of a nethyl radical la 
of inport«fioe« but the base paaic la found at a/a 13t, The 
netaatable paalc at o/e Q2*2 itidioatos tnat this frasMoott i s 
formed directly from tbe raoleoular ion* .Satroral prooeasas can 
give r ise to this spooiea* 
In the oaao of 3*<4iydrojey flavanoaos, strong intra* 
nolooular Intoraotions ooour and tha braalcdown pattern baooaoa 
so profoundly eiodifiod titat i t ia frequently d i f f i cu l t to 
elaasify tbe subatoneos by referonoe to standard breakdown 
125 patterns**^", 
S'-hydrojorflavonoae (LXIV) sbotved breoicdown pattern A 
and 0 as well as tbo losa of pbenyl or hydrogen radioal froa 
C. to give even oleotron apecies« but the bose peak was at 
(M*iS) and the third largest paa& at ()f-19). I t has boon 
proposed that these pealcs ariaes txy ring opening of the aoleoular 
ion followed by ring closure on to the 2*-hydroxy group as shown 
in Chart - T. 
^i flavonesi 
3eshadri and his oo-workers have aade a acre apecifio 
study of the aass spectral fragaentation of the peraethyl ether 
derivatives of aaootoflavonet oupressuflavone and hinokiflavone* 











m/e 91 (13 ) 
84 
-H20 
L_ m/e 222(100). 
m' 205*^ 
- H ' 
m/e 221 ( 6 0 ) 
C C H A R T - 7 3 
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been proponed to explain the appearance of soaie of tbe lone 
observed* 4oleoular ion Is usually tbe base peak. Apart frma 
the processes nentioned earl ier for opigenio/ l ts trlnethyl ether 
these oonpotmds also undergo ( i ) f iss ion of the C-J or the C-O-C 
linkages between the aroafttic residues* ( l l ) o l l s lnat lon of CO 
and JTTO froa th© blphonyl ethers and (111) rearrango.aont involving 
conf*en<«ation between the phenyl rings* 
Uerio f.ictors secju to play an Important rola in Influenc-
ing^  the breakdoim taode and Internal ooodonsatlona. ihese factors 
hooome so much dominant In agathisflavone hexa-Qethyl other that 
the ion at m/o 311 appoars as base peak instead of aolooular ion* 
Q/© 032 (90). 
fhn mass spootra of aaentoflavone hexataethyl ether cmd 
ounressnflavone hexaciathyl ethnr are sltallar, raolecular ion buln^ 
the base nmtkk in each case. Difference l i e s in the in tens i t i e s 
of the corresponding peaks due to variation In substitution 
patterns and sterlo factors. The naln peaks together «1th their 
in tens i t i e s In the mass spectra of these coaiiounds are given belo«» 
'Uaentoflttvone heyaaethyl ether (xlVtt)t 
The mode of fra||;»entatlQn Is shonn In Charts . ' 
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Miiln Peakst 622{lOO)| 6 a i ( 3 1 ) | eOT(33)j 592(8)} 3T6(li)) , 3 i a ( a ) j 













m/e 310 (G) 
OCH3 
(XIV P) M + 622 (100) 
H3CO-
m/e 311 ( 5 ) 




(Chart - 9) 
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Ctipr»i»ttflavon« h a w e t h y l »th«r (Wh) 
The «od« of tragaentatlon ! • giv«n in Chart 9 • 
Mat ft P«ak»» ©SSdOO); ea i (a3 ) | 6 0 T C 8 ) | 3 9 2 ( 1 8 ) | 5 T 6 ( 4 ) | 3 1 2 ( T ) | 
Btt{U)i 345(11)1 139(26) mA 132(14). 
H3CO 0 
OCH3O 







m/e 2A5(11) ( 4 ) 
OCH3 
OCH3 
-> m/e 311 (1A) 
CM-*-*and/orM"*/2 3 
)CH3 0 
(XVh ) M*622 (100) 
°-0 OCH3 
nr>/e 135 ( 2 6 ) 
(Chart - 9 ) 
nri/e 132 ( K ) 
8S 
t1i0 pftftlcs at a/e 307 and 593 obviously arise by ttia loss of 
nethyl groups. The ptmks at m/e S73 baa been assigned tbe 
straoturo B (Chart 8 and 9 )» a condensation product. Such a 
condensation prodtiot has been reported to be formed when amoato-
127 
flctvone i s heated with elno dust • The reason for difference 
in intensltleft of such ions in the spectra of oupresauflavone 
hevaoiothyl ethor (4"^ ) and aoontoflavono hexaitethyl ether itO,ai 
i s that the fonaer i s a syamctrlc type. This result in differences 
in the s ter ic dl0f>O8ltioa of one flevono unit relat ive to the 
other, thus hindering or favouring condensation between the 
phenyl rmn^^. 
fhe ion at a/e 3 i i i s due to both the doubly charged ion 
(*A**) and the c^igenin triiaethyl ether fragaont ( a V s ) , fhe 
difference in the in tens i t i e s in the spectra of oupressuflavoao 
hexaiaethyl ether (t4'«) ond aaentoflavone hexaaethyl ether (s «) 
i s d<je to variation in the oxygenation pattern of the biphenyl 
residues in the tvo compounds, which i s responsible for 
diffsrences in the labi le nature of the interoapigenlnyl bond, 
tnother ejplanation would be that the removal of another electron 
fro« M* i s d i f f i cu l t in the case of (XITp). Thirdly double HHA 
f iss ion of molecular ion (XIVp) nay yield the fragment (C) m/e 310 
(3^)» which after accepting a hydrogen atom gives aa ion i> having 
m/e 31t. 
89 
I t i s tttrpristng tttat th« ketsiitt trmgmeat «t a/« 130 
wMoh tbottld ti« txpootad as « r t su l t of tlitt ilDA f ls t lon of 
a{)igei}in trtnothyl othor tuiit, l a praotiealljr absent l a tba 
spfsotruoi of oupressuflairoas hexaoietlisrl otnor. 
aino^flftvong Pentaaethyl ethsr (XWilh) 
Tiio mode of fragmontatioa Is oonsiderably different froai 
those of easentoflnvone* cupressuflavone aa<3 agattilsflavoae hexa-
aettiyl ethers (Chert i o ) . 
Main Pealcsf 603(39)| 607(12)| S93(3Q)j 580(4) | OTtt(ll)f 
573( l l ){ S76(e) | 43l(7}t 337(33)t 312(22)t 31l (22) | 
304(22){ 397(39}| 29d(7S)| 29l (22) | 13 l { l l ) t 
190(3)1 133(10) ana 132(18). 
Ttie base peai^  In tbls case appears at n/e 313 and tbe otoleoular 
ion (ii/e 603 anounts to 39^ of tbls peak. This ooald be a t t r l -
bnted to tbe faot that the blpheayl ether bridge suffers easy 
rupture{ hydrogen transfer then leads to 313 fragnent. fhe 
f iss ion of the ether bridge In (xxVIIh) oan take In two wayst 
(1) by route ( l ) giving the ions at n/e 397(20) and m/e 311(23) 
and (11) by route (3) giving ions at «/e 231(22) and o/e 327(23). 
nowevor« the observation that the 313 ion I s «ost Intense suggests 
that route ( l ) i s favourod i . s . the bond betveen tbe oxygen bridge 
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OrC 
CH H3CO 0 
m/e 296(75) 
H3CO 0 
m/e A31 ( 7 ) 
^m^'.^^ -^ i * i ^ ^ ! 
H3C0 
















(XXVII »i)M^608 (39 ) 
M** 30A(2 ) 
H:»CO 
m/e 281(22 ) 
4-
H3CO OCH3 
m / e 3 2 7 ( 2 3 ) 
H3CO 
• H 
•> m / e 181 
H3CO 0 
m/e 180 (3 ) 
f>=c-// \^  0=C -{' ^ ) - OCH3 
m/e 135 ( 19 ) 
m/e 132 (16 ) 
mMft *$» 
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Ion at a/« 304 In obvlousljr M » since th« aoleoular ion in this 
oftM cannot s p l i t into two squal fragments baving ttiis a/a valua. 
Furtlitr aridence tor i t being doubly oharged ion abiob i s provided 
by the appearance of the Isotope peatc at half a ttass unit higher 
(304,5) . Ions at m/e 593 and 978 arise by the loss of laethyl 
groinst n/e 390 and S79 by the loss of CO and ClIO respectively, 
wad m/e S76 by internal oondensationci the ions due to the loss 
of CO and Clio are not found in the spectra of biphcnyl type 
biflRvones. The ions at n/e 431 and 296 arise via various modes 
of nOA f i s s ion . 
13 
The spectrum of penta-O-ciethyloohnaflavone (xxxo) i s 
also very sletilor to hinotclflavone pentctmetbyl ether. The main 
peaks appear at 608 (!4*)j 394| 880| 32T| 31l | 304 (a**)j 29Tj 
2S1, e t c . 
Agathtsflavone hexamethyl ether dcVIf) » 
23b In this case » s ter io factors beootae so nuoh doninant 
that the ion at »/e 31i appears as base peak instead of aoleoular 
ion a/e 622(90). The node of fragmentation i s given in Chart 11. 
^lain Pealrsi e22(90)| 607(54)} 59 l (98) | 373(34)$ 3 6 l ( l 3 ) | 
521(13)$ 497(24); 325(20)| 31i(lOa)| 2( i i ( i2) | 




m/e 2^5 (22) 












m/e 311 (100) 
C CHART - U 3 
Bi 
til f l»v«noiBi»y8 
faokaon et aU * liav« muooBaatally appliod aass 
spoetrooretry to eluoldst* tbe struotiure of blflavanotds of 
Gn-««rte8 (KXIAHS) oontalning two flavanono units linked tbrougti 
CICICI) 
















All tba faatiurat tibwrva in mmau apeotra of blflavanold* 
of *Gfl* aartaa and tiiair ••iiijrl attiert have analogies vitb 






















m /e 164 
C:CHART-123 
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47 GB-1 Heptaavthyl ethor (KXIe) sisowod tlie pr«senoe of ions at 
n/e 131« 154, 191, 312 «n6 470* Th« preseaoo of Ions at n/e 1S4 
and 131 oonslatant with tba fragaonta/"c^Ilg.(Oiie)2,OuJ7* and 
/^CQIIA<M9)^,oa.COJ^*t r««p«otlvely, fiupported the prasenoe of 
pholorogluoinol ring ayatan derived from a 5,7<-dlhydro:sQrflavanone 
aysten. In addition, tbo prasenoe of anotber ring was suggo^tod 
by an Ion at ta/e 121 oonalstent with a /"yoO-CQU^CllgJ^*" frogoont. 
H&sB speotrum also supported tho nature of the llnlcage since tHo 
frognontatlon of molecular ton at m/e Q5Q can be ratlonallxed 
by riDA reaction of flavanono, f i r s t at ring I-C to give a fragtaont 
Ion at la/o 470, followed by a similar fragmentation at ring II-C 
to stvo an Ion at ta/e 312. This two stage breakdown fragaenta-
tlon pattern Is fully substantiated by the presenoe bf metastable 
pea%8» These results oan only be aoooimodatod by a llnlnage froa 
the oxygon hetorooyollo ring I«-C to the phlorogluclnol ring l l -A 
(Chart - t2 ) . The production of phlorogluolnol dlaetbyl ether 
at a/e 194, a process which Is not observed in simple analogous 
flavanones, i s probably of tberaal origin* In faot phlorogluolnol 
Is so readily lost fron GB flavanones that If the temperature of 
the Ion ohaHber In the nass speotroaeter much exceeds the alaluua 
('^ '300**) for evaporation of the saaple, there Is d i f f icul ty In 
deteetlng the aoleoular Ion. The theraal Instabi l i ty of GQ*l 
was established by heating I t in a tube at 2SU** and froa the 
pyrolysls products, phlorogluolnol was Isolated and oharaotsrlssd. 
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4S t 
hm tufgeated by P«lt«r % the ion at • / • 313 oannot bfl 
due to tb« foraatlon of aplgenln trlmotbyl etb«r booaus« frag-
oientatiot] pattern below 312 bears no reaenblence to that of 
aplgenin trlvetbyl etber* The ionn, m/m 18U and o/e 132t which 
could be arise bf KOA reaction of apigonin trinethy1 ether, are 
entirely abeent froa the spectra of GT) blflavanone methyl ethers 
Further, the alternative isoflavanone-flavanone structure (UXV) 
propo<«ed for 'Cn* blflavanones was ruled out on the basis of the 
apnearanoe of the ion at n/e 121 in the speotrua of GtJ-3 oota-







GB-1 (ate thy I ether) 
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R =OH-,6B-2>M + 574 
R = H i GB-2a jM*558 
OH 
m/e 123 
H 2 C 0 - - r ' ^ y - 0 H 
m/e 107 
OH 
m/e 126 (100) 
OH 
m /e 12 6 
H^ 
H0> 











TH« proalnont ions at • / • 180 and 132 noted In tlie aast speotrtia 
of a|>ig«nia triaothjrlather ara antlraty abaant from tba naaa 
apeotrna of 00*t hoptavatlisrlathar, Thta olaarly Indlcataa the 
unaooaptabillty of Pel tar* a l«ptloatlons. Further, the oiaas 
spaotrft of tho parent oospounda ^3-2 and 63-20 (Chart - 13) 
shotrad clearly the preaanoe of ions at n/a 107 and 123 oonslatant 
with the fragaentfl obtained froa aronatio rings I-O and 11-0 
reapootivalyt G1«2 i n i t i a l l y loses the oleaenta of phlorogluolnol 
(*4«-t26)t and then, by a UUA prooess, ring ll<-€ frogmonta to give 
an ion with a/e 29Q (anO not a/e 313}. Additionally, two 
stiooesaive ROA fragaentntiona around rings 1-C and li«C of GB*2a 
Oive on ion at a/e 270 (ond not at oi/e 2S8). This evidence 
olearly established that the 3,4-dihydroxyphenyl system eonst i -
totes ring Il-O and not ring l-a in G3~3 {xUo) and G0-3a(Xtld)®. 
PI ay an one-"Flavoaa tyy?e blf lavanoidat 
Vankatarcraan at a l . laokaon at a l . and l^lshwanathan 
at a l . have reported the aass spectral studies of / * l - 3 , 11"%J 
llakad flavanone-flavone type biflavanoids* These combine the 
eharaoteristlo fragacntation patterns of a flavanone and a 
flavone. The aass speotrua of talbotaflavone hexaaothyl ether 










WOCH, '<?H H3CO 
XH3Q 
m/e 517 (E ) 










OCH3I* ^ *^^  ^ ^ M*Q2f, 
®CH2 
mfe 121(100) 
( B ) 
m/e Al 5 <• 
(15 ) 




OCH3O m/e AAA <^.^.->v^/0 
* • a • 
OCH3 ( F ) 




m/elSA(36 )( 1 ) 
C 
6CH3 ^ 
m/e 312 (45 ) ( H } 
101 
rh9 Mats apeotral tragsentatlon of aoralloflavone (XXXa) 
lieptwiethyl ether are aimitar to those shown for talbotaflavoae 
hexanethyl ether (XlJQi) except for the iaorease of 30 aaes units 
in the Ions (Chart 14) C(3t), D{iO^), Q{2i)* F(46^) and G{22^) 
due to an extra aietho:io''l group In the II-3 ring, the i n t e n s i t i e s 
of other ions are A ( 3 2 « } » I ) (33 4 » '1(13,;), and I(iOO;;). 
'fhe nass spectral studios of the biftavanolds reveal that 
their fragaentntion patterns depond not only on thu constituent 
moaomerlo flavanold units hut also on the nature and position 
of inter flavanold llnke^e. Uliile the oraotcing patterns of 
siaplor flavanoids are l ess ootoplex, in application of these 
ooneepts to biflavanoida, one has to talce into consideration 
the influenoe of the additional structural and sterio factors. 
n««;radotioai 
Degradation of flavanoids^ and hi flavanoids can Oe brought 
about either by alkaline hydroljrsis or oxidation with alicaline 
hydrogen peroxides 
Alicaline aydrogen Peroxides 
In general, a flavone (XKXVlll) gives four products which 
arise by opening of the pyron9 ring followed by the f i ss ion of 
the interaediate 0-hydroxy-j3>diketone (LXVI) by two different 
paths, (a) and (b) Chart - 15. The intemediate can be isolated 
i f cold ethwiolie solution of Caustic soda i s used. 
10 
:0H 
0 ^ ^ % / \N 






Attack at A 
OH 0 
HO OH H ov^Y^" +Hooc-^ r\ OH 
OH © 







In th« oii9e of biflavcinotd«« *lcotoflanroa«a*« ar« tli« 
oharaoterlstlo dtgrndation products of alkaline hydrolysis, 
'Tydrolysls of gloligetln(XIVf) by Karlyono and Kawano^  gavs 
p-on acetop|ienoae» 3»3'*dlttydr03Qr<«4-«atltoxy aoetoptieaoae and 
a 'ketoftavone* ^24*^18^7* tsfhose struotura was •stabllsbod as 







Ulc(itlii« hydrolysii of both l»oglnkg«tlo(XEVg) and soladopltysln 
(tlVa) f^«f% tb« vaae kotoflavotie (bWI) thus supporting th« 
31 
structure fropoaed tor theao blflmrones • 
OCH3 
OH 0 
n a !t| l90sjlnkgotln(3D[Vg) 




OyldaUon with Alltallnf Hydrogen Pgroxtdai 
Alkaline hydrogen perosdde oxidation haa t>een very lieipful 
m the deternlnatlon or the interftsiraaoid linkage. Ginkgo tin 
tetraaethyl ether on oxidation with alkaline hydrogen peroxidet 
<;ave anisio a d d , 2«4iydroxy">4,6<-difflethoxy benzoic aoid and a 
compound (Cj^H^gOg), Oinkgetin {XlVt) tetraaethyl ether 
COOH cOOH 
OCH3 
l | + C17H16O8 
OCH3 
The oonpoiind (Cj^ n^^ ^Og) was shomi to he a dioartooatylio acid 
containing three nethoxyl groups and one hydroxy1 group, io 
f i t in a l l the spectral data, two atruoturea iLXVll and UXVUl) 








i a e 
Tli»M faota pro¥9d that a blphenjrl raslduo iiutt ejlflt in glnkgtUfi 
aol9oule and that Intarflavaaold Unkaie »aat lovolva position 3* 
of one flavanold residua and 0 or 8 of tbe ottiar. 7he two 










Of the two structures, one Involving / " l - 3 » , l l - 8 j ^ linkage was 
preferred. The other structure / " l - 3 ' f H-^J **» considered 
'i0 7 
unlilcoly 8ino« the Il-4(-0il in a ooapound wltb this structure 
wouta toe s ter loa l ly hliKierod wid there was no evidenoe that thle 
hydrosryl group tn glnlcgetln was exceptionally d i f f i cu l t to 
aethylate®®. The etruotureCxiVp) w i t h / * l - 3 » , 1 1 - e ^ linlca^ie 
was* therefore* proposed for ginKgetin totraaethyl ether and 
structure (l«VTt) for the derived oorhojaylio acid* 
4, Synthestst 
The synthosie of the toiflavonoids with reduced botero-
cycl ic rlnge introduces prohloias of stereoohocaistry wliich oan 
be eicpeoted to offer a great ohallange to the chealst of the 
future. Tlowevert recently synthesis of hopta-O-tsethyl fukugetin 
(Cbart*t8) has boon reported • A partial synthesis of G|S-*ia 
a 
has also been effected • The s y n d e s i s approdchos to laetabers of 
the biflevone faa i t ies fa l l into five d i s t inct categories. 
1. Coupling of two flavone nuclei by the Ullsiann reaction. 
a. Ullaann synthesis of suitably substituted blplienyls and 
biphenyl ethers followed by their heteroannulotlon to 
bi flavones. 
3. Wasseley-^ioser rearrangeaent of exist ing biflavones e .g . 
intercoavsrsion of cupressuflavone anti agatblsflavone. 
4 . rart !e l •ethytatlon and de«etbylation of natural or 
synthetic biflavones. 
5. rheaol ojcidative ooi^ling of flavones. 
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1. qil«ann oounllng of fl«yon»»t 
A ntt»1i«r of Mflfivanoid* wltti difforont taterflaflranoid 
tlnkaget have been sjrntboalstd by the applioation of Ullaaim 
r . « , t i . n ' » > * » ' . ><.«..«*. » . « q , U . h . 4 th . . y . t t . . . l . ot « . n t . -
ftavone titxtaiettiyl ether hy nixed Ullaann reaotion between 3*-
iodo-4*,S»7*trl-«Haftt!iylfla[Vone (LXS) and 8»lodo-4»-<5,7-tr4-0-
Biftthylflavone (LKXT). Citpreeeaflairone hexanettiyl ettior was 
obtained ae a bjrproduct and was found identical with the one 
37 Obtained frota natural sources. Later on Seshadri et al» have 
also synthesized ouppressuf lav one hexaaethyl ether froo d«lodo<-4*, 
3,7>tri-0*«aet^ylflavone (LX^) under aodifiod conditions of 
irilaann oondensation. 
H3CO. 





ni» lyntlMils ot jTl-l'-O-lI-sJ «nd/*!-•• -O-II-6_7 Uiilt»<l 
hltiolciflavoatt aotbyl ettiers iiAS l>e«ii reported by ifalcazawa • 
Hi* p«ra0tbylat«d 3»-4iltro-lilflavon« methyl etti«ra, tte« key 
liit«rBiediat«s ware obtalaed by oondoatatloa ot 3*-«iitro-4*-
lo<1o«3,7-di«0««etbyiriavone (LXtll) and 9- and S-tyrdroxy-**, 
S»7»trl«0«aetUyinavoiia8 (LKKIII and Lxav) in mso la t&e 
prosetiae of KgCO ,^ Tlie nl tro ethors wera raduoed by tia^:»,^o^ 
in aquaoun D'lF, dlazotlzad and deooaposad with 5 « li^O^ to give 





















s««li«dri 9% a l , *" hare reported tbat il«n«tliylattoa and t««ss«l«y 
Uoaar raarrangenent ooourrad during Ullaann ooadanaation batwaaa 
S-iodo aplgsaiii trinatbyl etber (LYXI) and apiganln-SyT-diaelhyl 
• thar (Lxxy) utiag aotivatad ooppei* bronase and potasaltm-oarboaata 
In laoaarl aloobol, to glva natural blnokiflavone pantaaatbyl 
•tbar and ouppraatuflavona b«xa»otbyl ather* attar setbylatlon 
of tba raaotlon product (Chart •> 16). 






1, OlltBonn reeotiont Cu-brooezei i^^ -^^ g 
in isoafliyl aloobolf ref lux 
3* Ketaothylatlon of orucle p a r t i a l l y 
40Siotnylated product using; jl&^do^/ 
K CUg In aoetooe. 
(tXVIlh) 
H3CO 
Chart - 16 
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2. Clll«<nn iSynthfltid of BitlmvonttB via ttiotnanyl and 
fljphenyl ether proeuragrtu 
Mattiat an*! oo-vortcors f i r s t Introduood tbis approach 
to th0 «ynthosla of biftavonos la 1964, lioirevori aono of the 
blflayonea propared by thoai ooours naturally, il^ haad and a&z&q^^^ 
appear to have quioicly rooUssed the potential of the methoU and 
have sucoossfully synthesized the hexaoethyl (xVh) and tetramothyl 
(Wf) ethers of ouppressuflavone (X/a) as sUogn la Chart - 1 7 , 
The method Involved tillaimn ooupllng bet«Feen two QOleoules of 
t-iodo-3,4,0-trlraethoxy benseno (LXWI) to form a blphenyl 
system (LtXVfl) as the f i r s t step. Subsequent m o d e l Craft's 
aeylatlon, partial deaethylatlon and condensation with anlsal* 
dehyde g«ve a blchaloone (r^xxiX), 0x1 dot!ve oyollsBatlon of this 
blohciloone by SeO gave ouppressuflavone hexatttotbyl other (xVh^, 
whtoh on partial desethylatlon was converted Into oupressuflavone 
totrflunetbyl ether (xVf). 
OCH3 
H3CO 




(LXXVI) ( LXXVl I ) 
C ^A-^COZsi 
>^^^\3/^M'3, i 
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1.34 L«t«r on Hawano »t al« nmv mlBO used the SAMe aettiod for tb» 
•yjitli«tl« of ttgattilsflavonv tittxaaotbyl «tlior (xvif) and ouprassu-* 
ftavono Uexa»«tityl ether ( xvti}. Fros ttie Friedei Graft** aoyla* 
tlon of (t^WIT) vlth acetyl chloride and alumlaiiua ohloride In 
diethyl ether (XYh) and cuppressuflavone hexaraethyl ether the 
two coapouods (LXVIII euid LXX) could be Isolatod, ciubsequont 
aeylatlon of these coBpounda with p-anlsoyl ohlorldo» iJalcer* 
Venlcataraaaii rearrangement and ring closure gave ouppress'iflavone 










( sy i f ) 
•» (xvh) 
ttt» atruoture of Oohnaflnvon* aa I-MI*, I - 3 » l l -S f I-T, 
n-7«pontahy<|jroiy/"l»3*-0-lt-<l*^ biflavone (XXJCa) nraa con-
13 
ftraed by the synthesis of i t s nothyl ethor (xxxa) using 
(tlphenyl ethor «lloarboxylio add ohlorlde (UXtXI) and 0-hydroxy 
phloroaoetofihooone dimethyl ether in the following «ay* 





\ : > ^ C 0 C H 3 
0CH3 
H3COY^; \^OCO-Y/ \\—6 





The alternative struoture (bKXXZIll suggested for Ochnaflavoae 
13 * 
•ethyl ether was also syntheslxed in the saae way using the 
isoaerio dipheayl oarboxylio acid chloride (UKXXII). 
i l 6 
CI 4'-^ V o 
H3C0 
H3C0 
( l i t X X l l ) 
OCH: 
(t.Kxxni) 
133 tConoshtna «t a l . Have recently reported the syntbesls of 
IT-3% 1-4% TI-4S 1-5, H - 5 , 1-7, II-T-hepta-o-oethyl flavanone 
/ * T - 1 , I t - 8 j ^ riavoae (hepta-Onaethyl Jfutctagetin {LXKA.n) and 
i t s dehydrog,3nated derivative (LX^tVII) (bepta-o-aettiyl eaharan-
flffvone)(Chart - 18). 
8-Ohloroaethyl luteo l ia tetraMethyl ether (LxxxtV) was 
converted into the acid chloride irtiose es ter! float ion with 
phlorogluotnol dlaethyl ether and subsequent Fries rearrangeaent 
1 7 
(^ wr« the required ketoflavono (tjKXXV). m i s was oondeated «l th 
anlaaltfehfde and oyollsatlon of the resulting ohalcone gave 
(•)-tiepta-0-niethjrI fukogetin {UXXXVD, Cyolization of (Lt4V) 
with anleio anhydride wtd soditn luileate (Allaa-4loohlnaon 
method) or dehydrogonotion of (UXXKVrx) with iodine potaseiuia 








( i )Ester i f icat ion 
OCH3 
O'W;^  0 
















Chart - 18 
3, •!• •(i<il<iy«Ho»T «e«rr«ng<«gnti 
(LKKSiril) 
Tli« w*s««l«y-^osttr r»arr«ngoaent wbioti attoad«d :jQ8hadri*a 
•yiith«sl« *" of Miiokiri«voii« pentaaethyl other (Chert - ie) 
has te»«n put to bonoftotal tut t»y Palter at o l ,*^ for the 
•yntliaaia of traatatf (•)-acatliiofiavona hexanethyl athar. 
Pal tar at a l . * ouppraasuflavoaa haxasethyl other with hydro!odio 
aetd In aoatto anhydrKla at 130-140® for 3 hoarii (typical ^aaaelay-
1J$ 
HoMr ootidltlons) aftor mhioU tine the r«ttotion was worked vip 
mnA reatthylated to glv© a Mixture of (4^)»Bsatlilsjriavoae bexn-
mettiyl ettier $md (^)-Gtt{>^r0s«uflavone hexaaettijrl other in the 
ratio 3i3 (w/w). The ooitverelon oonstitated the f i r s t prepara-
tion of a Boober of the agathlsflavoao temily, Beaxone Indiroed 
nmr solvent shi f t were asted to verify tbe llnk&cie positions In 
agatTiisflavone (xvia) and oappressuflavooe (KVa). 
4 , Partial Oeaethylation and Uethylatlon of Ktaturai and 
sywthetle Blflayonest 
1 large nuiaher of partial nethyl ethers of ouppressu-
flmrone and agathlsflavone has been reported by the controlled 
deoethylatlon of ouppressuflovoae bexaaethyl ether. In the 
In i t i a l study Soshadrl e t al» ^ obtained only the dliaetbyl and 
tetraaethyl ethers of otippressuflavone. However* repetition of 
the reaetltm by Hehman and his co-workers showed that there 
Is an added oo«plloatlon, for the Wesseley-Moser rearrangeaiont 
aeeoapaales de»ethylation yielding derivatives of both asatbls-
flaveae and otippressuflavone. The 0-««ethyl derivatives of 
acatblsflavone have not been fully oharaotorlxed but on renothyla-
tion tbey a l l give afathlsflavone hexaaothyl ether. Agathls-
ftavene bexaaethyl etber subjected to the saae detsetbylation 
conditions gives an identical mixture of 0-«ethyl derivatives. 
rro« tbis stady i t i s conelntfed that dsMethylatlon follows the 
Ui) 
stquetio* C-^0 than C«-4' and f inal ly C-7{ preolse l / tbe saae 
•equonoa i t ot)S9inro<I for iqtigoQla trlaethyt etbor (i'a)i partial 
•elfiylntion of ot^pressitflavone with 3.S equivalents of diiiethyl 
41a 
snlpbate has been used by Seshadri et al» to obtain the tetra* 
(Wf) and penta (Wg) aetbyl ettiors of ouppressuftavono* The 
0««athyl derivatives of wientoflavone and hlnokiflavoae X-4*-
0*ll-9***^»^ have also been obtained by partial dostethylatlon of 
the oorrespondins biflavone nethyl ethers. 
S. Phenol Ojcidative Coaplinitt 
Of a l l tho Qotliods disoussed, the dioierisation of apigenin 
and i t s derivatives by oxidative ooupllng offers the most s t i a u -
latlng and aesthetioatly pleasing route to the biflavones since 
i t Aost closely follows the process which i s believed to occur 
in nature. The application of piteaol oxidation to synthetic 
1 3 Tod 
oheslstry has» therefore, been extensively studied • i t 
has been experi«entally established in the phenol oxidation 
•eehanisit, the phenol ate ion i s oxidised, by an electron oxidant 
l ike ferric ehleride or potassimi ferricywiide, to a phenosQr 
radical. 
• It 
Aro • r^*ics)^^'' '^ ^ Aro • / 'Pe(CJl)^*"' 
inhe tr99 electron in the pheno^ qr radical otay be shown at various 
places by aeeoaerio e f fec t . The free radicals are then ooi^tled 
i2\ 
rapidly and lrr«r«r«lbly urid«r iclaetlo controlf by t)ir«« of tli« 
many aodo* of atmortxmtion tbooretioalljr possiblo 
( i ) HoMolytto ootipUng 
3 ArO > (A«'< )^2 
(11) nadloal Insortlon 
Af-o • ArO —r? ) (Ar0>2 
( i l l ) Heterolytio ooupUag 
Ar6 -•''^- >' Aro* 
\ro • Aro* "•'' ' • > (Aro>2 
t t Is reasonable to aestnae that ooupllat; oeours fastest at the 
poaltlone of hlgtieet denvlty of tbe free eleotron except where 
there le sterle blnderanoe of approaoh* 
The parent blflavone together with their varloua 
0-fiethyl ethers exhibit either C-C or C-o linkage between the 
flavanold units whloh night be expected to arise through 
oxidative oooptlag of an a;)l':;enln derived radical (bXXiCVlll) 
and (ttttXt). 
MA 
Molimeux et al« hare Investigated the oxidative coupling of 
apigenln using alkaline potasslua ferrloyanKe and isolated to 
blflavones, (XW) and {XVft) with laterflavone linkages 
i f l - 3 , I l -3j^ and /*I»3, II-3»J'' respectively, whloh have not 
as yet been encountered In nature* 
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/ VoH HO 
itVf} (xari) 
file s j ra tht t lc ootapotinds ixvf) ontf ( t W t ) appear to a r i se p r e -
tuiialily hy ap(>ro|irlate Bpia-^eSring of tao mesomeric ra<lioal 
(LTtWII l ) , altbotigti none of th© siyiiEaotrloal / " l - 3 S 11-9*J 
llntce^ 4lffier« filtict} might a lso bo eiqpeotod to be foriaod, oould 
l>o i so l a t ed . fbesQ onsenrations are ooas is tont wltb tbo fintfiaga 
. t KunnU o t o l . " ° , ^0 . t . a i e d t t e e lootroa , p l a r .< , . . . n . e 
apootra of flavanold atsion radioa ls (dorived fro® polyliyclrojiy-
riavonoa «ad having a S<"liydroii^ fonotioa) and oonoluded that 
tbe do 100 allasati on of an uniialred a lec t ron In i t t a l l j r goooratod 
a t tlia 0-4• hydrojQT group in apiganln ooottrs onlir in r ings » 
and C (l«lt%?fll)« TliQ9» i n order to aotiieve an ia terf lavone 
56 
Itnlcaiia to r ing A» lolynaasK a t a i . boliove ttiat a r ad ica l 
in i t ia l t$^ genoratod a t C<»4* in apigenin luad dolooatixod 
( t iT tWl l f ) , a t tacks a laot ropl i i l ioa l ly ttie e leotron r ich C-d 
or C-8 posl t iona of the phloroglaoinol r ing of an i n t a c t 
apifanin aolaoule i*a* rad ica l subs t i t u t ion occurs in proferanoa 
to radical pairing* 
i24 
141 
S0sho(9ri «t a l . to«v« rooentl / carried out oxldative 
oooftlltiK of aplgeitin-4*|7«diM0ttijfl other (XC) with ferric 
otilorlde in boilliig diosea and isolated a diner in 6,1 y ie ld 








141 On the basis of these findings Sesbadrl et al**"* have 
suggested that when hrdroi^ groups are protected by aethylatioo 
(leaving only the 5-on free) , dioerlsaUoo takes place through 
6 - or 9<-positions of the A rings. I t i s reasonable to expect 
/ i, •-
1 ^ D 
that In nature adequate ateohanisai* are available tor protecting 
the hfdroxfl groups and bringing about the coupling through 
the poet tl one in A ring. 
D l S C U O S I O t l 
'i2 6 
Btfl«yiMaQtd> from th» t»>y»> ot ^aiwnta crypt iwr io idfg 
Tha faaitjr T«xodlao«e^e^ l8 of gr«at t i latorloal int*rQ«t» 
for» «li«r«A« todi^ i t stioivs oaljr a re t tot (ll8trit>uUoti» at oa« 
tim& i t s aenbers plosred an l i^ortent role in forasts of tiie 
nartHara fiaaiaf>tiara« 
Tfttwwilft eiypttwaartoiaaa Jlqyata "t 0 raiaaricitDld ooaifor 
r«89mhlm» Qrfptrmeria i a tiat>&t« floU appaM's to ba olasal^ a l l i a ^ 
to Qtmotngitiaala i a tha atruotura of tha eaaa* t t ta ao avargraaa 
traa and waa dlaoavarai! i a iOOi on .^ouat Morriaon^ Fomosa. i t 
tins al#o h9mn found i» China and Norlli Ouxisia* 
i43 
lUaafciflavaaa t tha only bifiavanoid eonatituant i a 
rapartad from tha laaf axtranta of Yaiwaata eryptoaarioidaa i n 
144 145 
addition to aaaqtiitait>ana diola and l i ^ a a a • <taento«> 
flavona and HinaKiflavona aariaa of tiiflavaaoida ara raported 
in tMa faadty* • Hie biflavioioid oonatituanta identi f ied i n 
aaoti apaalaa of Taacodiaaaaa ara rai^ortad i n Table V I I I . 
ttia jpi^ raaent disouaaiim deals altit tha atudy of the oonplexr 
• ixtt ire of hiftaranoida i n the leaf ajrtraota of Tal^wani^ 
arratoiirto^daa aa hinoleiflavone(l)f isooryptoaarin ( l a ) t 
aaantoflairoaa ( I I ) » aequaiaflavone ( l l a ) t I-T^ I l -T-di^o-aatttyl 
anaatoflavona ( l l%)t and a new aariaa o f / * 1 * ^ % I l - 3«7 linked 
i 2 7 
blfliiv<m« ( i t l «• tXXb)* Ttie HAW series ooosists of th« parentf 
memo* «t<) <lin«tliyt «lfi«rtt of blflavonoii* AA i l ooastttutea ttie 
f i r s t rsport of the oootirrsnco* isolation ana obarttDtorixatioo 
o f / * I * S » , It^'^J biapigsainyl from Taiwanift oryDtowarioiass* ttia 
paroat Mflavone has h%mi na«ed M Taiwaniaflavona* 
The loesros of Taiwaoia agytitoworio^aaa war© prootirod fron 
7aipaif Taiwj^* t f^ axaainatlon (OPPjl* of ttia phoaolie ostrae* 
tivea of <3rlad aad povdared leovos ravaaled tha presanoa of tttrae 
stajor hmm n^hieti wara laballoa as f C l , TCXl sad f S I t l in ordar 
of tRGraasin^ fl^ vaittos« the usual aolour raaatioita oad u l t r a -
viotat spoatra i a othonol indioatod a l l of thoia to bo biflavaaoias. 
fCI altSiouili hoaogaaaoos ia ohriMsatographi o bohavlour was 
fotma oa ooeplata mathjrlation foila^iad Hy ¥LC evaiainotion to t»a 
tha alxtwra of ig«iaatoflavoao eaad a naw ooas t l tuon t / * I - 3 * , H'^J 
Maptganin* TCI ivas tliaraforot oulijaataa to CCB saparatioa 
bataaaa attirlBathjrl ketoaa and borate t»affar (p i^ 9.6) vhioh yialdad 
TCIA snd TCin ana oharaotarixed as aaaatoflavona (XI ) and 
/ " l - 3 » f I I - 3 J 7 btapigaaia ( I I I ) respaativaly by Wii.: stadias of 
thair aaatatas and aathyl atharst 
Tha obro«atographiaally hoooganaoua fraatioa TCIIt oa 
nathylatlaa aad TLC ajraaiaation was fotaid to ba tba isixtara of 
aiit«taflavane» hiaokiflavaaa aad taiwaniaflavoaa. TCll «as» 
tbarafarst subjaatad ta COO saparation bataaaa atbyl aatbyl katana 
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i 2 S 
W # ^ K A s%^Ai^.K'>i^iii^«^)yi^w^ If 
U9 
Tli«3r iv»r« «1i«r«ot«rii«il «s ••quolaflairtjiio ( l l a ) t j i j f l -3% Il«*3j^ 
fti« cfironatogrfl^Uloally tiOBOgenfiious fraotlon* i'Glil oa 
eotliylatloa e»& X%^ axi^iiiiiti<»i was fovmA to t>e t!i0 iBlJEture of 
ai»etihyt alhars of oaontoflairoa® (llt>) and taiiraniaflovoiie (IXIti) 
and moa^ettiyt eiher of htnokifloirooo (la)* TU® COD saporatlcui 
of rsilT Ixetfraeo Qthyl laelhyl %atoa& and! borate buffer (pi il,B) 
providea ?OfIIA« ?CI1I) aad TOXIIC* *1iey were {ttiaraetorlsed as 
I*?! II*'7-dl*«'-«etliyl 6nt0atoflair<nie ( l lb ) t / " l - S ' t II«»3rJ?''-<ll-;>-
fsottiyl blaplsanin (XXtb) em& tsooryptoBerlQ (Xa) rospeetXvely by 



























( II ) 
( I I ) 
(lift) 
(lltf) 





















( III ) 
( I I I ) 
( I l i a ) 
(III^) 
(IIf«) 
n E, i "2 
a ti 
!il« / M« 
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fhe fraoUon fCt Although tionogeneous in obrottatogriiptilo 
bulmrtottr on ooiiplett «ol;iiyldU(in« was fotmd to tie a alztare of 
two tuothyt ethers* Thu nethyl ethera lecidl and TCI.4IX ware 
separated bjr preparotive l ^ e r ohrcMaatosrapliy end oharaoterisedl 
as atteatoftavona bearamotlirl ether <IIC) and tal«aalafl«nrone 
hoarosiethrt ether ( n i a ) * reapeeel^raly* CCU separation of iGt 
gave two oompoaante r€IA and TGIJ which were oharaoterised as 
aa^^atoflavone ( I I ) and taiwaniaflavoae ( I I I ! respeotively by 
^tn studies of their acetates and caethyi others. 
1-4% 11-4% l - « , I I - 5 , 1*7, ll-T-Uejrahydroaty i f l - a * , I I - 8 j ^ 
blflavone {TCIA)» 
fW eximinatioa of TCI A and i t s «ethyl ether (ICIUI) 
n.p* « (33S*337^) indioated i t to be parent of foieatoflarone* 
fhe resa l t s of mn studies of TCI:4I are given in 
Table I t . 
132 
CtieaKloat stitftff of protons or TCI41 
^l(pialji ^o« oJT protons Asslgnstnt 
u-i-e 







• • Hinglttf di m dOUtolttt 
Sp»etru« run In CDQl<^  at 130 Mils, IMS ss in tsmal stantfartf 




























Vrtm t!i« *iM!i 9|>«otrim (Fig* VII) there mire evideaoed 
mx and ^^2 ^f^t^m* aseooleted ffith rlnge X-ll and XI«4} eubstt* 
tattd at !f09ltloii8 I'»3*i 4* end II«4* rospootively. itiiie rin^e 
t«B end IT«>J% of ttie blftavoae eeened to t>e involved In Inter-* 
flftVMiold linkage* Xa partieular tbe valuee shocred tHat I-a* 
in linlred to either 11-6 or ll«S» f^ ie oDsenratton tliat la 
hitlmcmen^ having aroaatie anbstituente at i<*3 the 1«<S u:<le 
gro'jp generalttf appears holow^ e,0^*® (fable X)» led ua to 
believe t^at substitoiont (flavone tmit) in rciJX was located at 
11-9 and not at II-«6# 
Table «» t 
niflavanolde l-5-aae Il-<l-oa© 
1. OuiireseuriavoEto heiraaethfl ether nf 3.88 ,r^ S«88 
3« .^tntoflavmie hoxaaethfl ether <7 6«i3 ^S«94 
a* Afathieflav<m(» hexasethyl ether T 3*41 T'S^SS 
4. Jflaoklflavone pentaaethyl ether f G.OO ^ 5.D3 
6. fflnokiflavone pentaitethylether r 6.06 ^6 .09 
{I*4«-0-Il-a> 
Further all nethoxy groups on ohange of solvent fre« 
detiterloehlorofora to bensene aoved upfield as in oupressuflavone 
PPM « ) 
CH30. 
OCHjO 
'/ \ OCHj 

















10 6 5 
PPM («) 
FIG.VII I 
tiffxaaetliylvthtr itiowlns that mvury aettioxy group hm& att«ast 
ona ortho proton andy tharafor»» a II«>3« ratbar ttian a II-0 
tinlcaga was oonflrttod* 
hn aiittieatio aaapte of montotlavone tiaxaoMitbyl etHor «aa 
aho^ m to give "t^iU Idantloal trltli TClit in a l l roapoota. fiia I«(i,, 
IJV «ai(1 siaaa apaotra wera at'^o li3antloal« rcJA on aoati^laUon 
with pyridine mid ooatlo aati7<iride ge^o an aeetate 7CIAA«, a«p, 
m 239^* Tba M1H spaotrum of the aoetata (Flg»Vi.n) sHovad s ix 
aeatoxyt groups Integratea for iS protono« fbo reaulta of :i2ii 
fttftaias of TCtM* are shovm in (Table tZ)« 
Table * n 
Ctiaralaal aUtfta of protons of 7CXAA* (aoatato) 
." i^gnala iSfo. of protons Asslgnnent 


























a - i i - 3 
i I - I l - 3 \ Il-S» 
fl*I-3* 
a - i i - a s II-6» 
H-I-2* 
OjlO-I-^f 11-5 
0A0-I«4S II -4 
OAO-I-T, 11-7 
a m aiiiglaly d • daatolat 
syaatrwi rm ! • COCl^At too iMs, tMJ at in tarsal standard 
135 
TCIA «as« thus, d«9lKae4 tit* 9truotur« I«4*| II-4*t I^ -S^  
/ \V0M 
Mflavoao (TClB)t 
ttot oorroapona to w of the Imoim .otbylotHer. eltHer la u, 
yalH« or In flouroseonoo < W, Ugttt) 
Tho retolts of tbo mn ap^otrum of fClMII ( f l i . XX) «r« 




>ywHw>«»> V^ <*.< ,VS«VM 
/ " 
I pw^^'IMfi 
10 6 S 
PPM (61 
F I G . I X 
R C ^ 
Table• * Xll 
3 *^ 0 



















a - i i - 3 S II-5* 
U-I^3 
s • Mliiglct, 4 » do«i>t«t^ q « qaortsr 
« 1ip«otr«ni nm in cnci^ at 100 ii«ls, ins its toteroal 
st«iid«r4 • T 10.0, ^ 
i 3 r 
Am Qxaalnatloa of tbo sptotriMi of tliQ ttot&fl dtlivr 
fiiioiied tlial A ring of ««oti noloty noro oot ietvolvad In tti« 
crdtfptla^t stuee ft t^air of aiotaoouplodi doabteia ooald He (tift«» 
tingninhed at T 3,69 and Td.Ad <l«2.0 a»)f and a soeoad pnir 
at r 3,@4 an^r 3«4S (>r«a«0 as) aeoouotiog for Q and 8 protons 
of rings II•A and I-A respectively. iit^«rls^os©d a.joa tna low 
flold 9etB of dou&lots wa« a one proton singlot at T 3*4T ililob 
ooold only be a«»tgno«3 to a protaa at position 3* sboiivlttg tbot 
tfio apposition In tlie otber tiaif of tbo moleeala aust bo Involvod 
la tbo bonaing* fbo S'^proton oxblbltod ortbo ooupling (^faS.a Oa) 
ana 1^ 0 Z* {iroton aata oot^lins (<1«3*0 lis) vAth tbe proicm at 
pfmltion 0*« Slaoo botb l^o 3* cmd 6* i^ roton signals oeoarred 
at lo^ar field tb.-m tbat of Ilia S* proton^ due to tbe dasblolding 
affect of tbrt doable bcmd in tbe pyrone ring c^on i^ ta B ring 
l»roton« idltliia Ita pro3iieiity« the I«df Il^a* node of llnfcasa 
la exolndad. In iba latter oaaa only o^e i^rotont nanely t^at 
at tba A* pa8ttioa» would bare a sii^al at loa field and tbia 
woald be an artbo eavqi>led doublet* 
Aeetylatien af TCI a altb aeetio aabydrlda and pyridine 
Kara rciBA* a.p* • tU^* 
Tbe reanlta of mu atadlea of fcis aaetata (rci&A*) 
are abaan In fable XI t l . 
Vis 
J w S t a * C«ii iTiliiliifflif 
Chcmloftl s h i f t s of protoas of fCIIlA* <aootato) 























i i - i - a 
















s • s lngtot f di « diooiblott q « cttmrlot 
Suteemn run l it omi^ a t loa t^llsi 1 i^» as i a t o r a a l 
•tiuidard • n'lO.O* ^ 
Tiio ftbaoiieo of on oxto of oywttotvy fuid 4^e iioo«iiiipUoaklcni 
of I»% and f l - A r i n f o l a i a to r f lovaao ld Itofcofio duo to ttio 
prosonoo of four «ot««oit)»lod doabuts loavo tHo onljr poos ib t t i t y 
of tinkftgo letvooa C*3 of ono uni t vith C^* of fiynotlior tml t * 
THiii iff foll jT o^por tod hy tlio ma dotft of ttio boxMiotliTl otber 
<TCI^t l ) M d fe«xM««t«t« ( rc idA* ) of tbo poroiit oonpotntd. 
-1 r -I r 
I n^ 




fhm NUR »p9t»trtm of Oi« ao«t«t« {Hgm X) ••nr«d to 
eoiiflm«4t tlio S^-S ftfstgnsoiit for tti« lii«ertlavoii;rt iKmdt 
having « s ls t lor patlom to tHo iov ttold of tho siotliyt ottter 
utit irf ^ tiko slfnot do* to ^m protoo at posittoa 3 i^peerloir 
a9 a slngtot at 'Y 3«50 opfietd fro« tbo aroantio proton otgaal. 
TtiQ eoetoagr groups etppoarod «« BIM • Inglets at "^ f^BZf T«7d» 
7«67» 7»64« 7*6a md 7*30» HoloGulo Aosi theroforo hm@ ttio 
3 S 3«4>tt^ig©nloyl »trtiotufo« Mdl t ioaa l sttpport to tlio 
struottiro io prorldod hf the »«9« speotral atudlos of t!io 
notlirliotlior* tlio f^a^antotloti pattorn of tlio ocnpooad is 
ntiovm in Qhart ^^9 mti *Me io^ortont poatK0 tdltb i^totlve per-
oesitogo iiitoa«»itlO!» aro glvoii fta fatilo K;t\^ , 
<^o «ain poalcs obsorved aro at 632Di'*'t m/e 607^ o/e i i0 i | 
• / « »76f w/o 503, «/© 501» n/o 833, la/o 531 , a/o 443, m/o 441, 
»/« 414, 
Botido ttieso pof^s), a slgnlfloant poafe o&sorvod at 
n/« 449* Tills l« stiggetttlvo for ttio 3*«»3 llaKago of tiio 
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r««K« idltti r«tfttlvc ^ liit«n8iU«« 
tCIMIl 
«* 023 {BB.90%) 
S9t( t.OO^) 
333(33»00^) 











• / « aT3 
m/9 t i l 














rtirtii«r ttipfiort to ^ o strudft^o of tol^imlafiisrotie i s 
l>rovldMid liy e ooAfiarlttKi of mu <}iita of i t o aoti^jrl otHor and 
flieotftto with tboao of s e t t l e t l o o«8^1e«^^^ (Tablo Wh On tUo 
b«»l» of otiovo oriaonoeo tHo natorally oooorrliig ooir ooapouad 
'fCTB lo t tlioroforot atolgiioil ttto otruotafw of X'*4'| f l «4* | I«4I, 
I t - i , I -T, lI«>7«b«xaliydrox3r/*I«3*t I l -a^ti l f lovoao ( I I I ) . 
(I l l) 
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The frtetioa IfwZXf altttottili iio«»g«n««(is la obroMitdgrA* 
l»^e l>eriiii!7i9orf Oil net^irl^Uoii ntltt aittdtbyl saljitiiite and 
potiMSitia ^«rt><mat9 folt«««d txy T!iO exaitiLfiiitlon of cud proSnO^ 
mm foond to i>e a ialaEt!ir« of tiir«a aottiyl olliers* Itto aotujrl 
<itf}«ir9 t c i r i l , TCIIMII and TOU'IIII ware soporatad ^ jr&pixr&» 
tivo l@3r^ r c^roa^togri^iijr aad ebarao tori end aa aaeatoflavoaa 
!iox;M6ttt,flot2i@r (I!C)» tidvanlaflwoae ^oxara^tliyletDcr ( I l IC) 
izid {Illicitflixvooe i^eatai^tiiyl @t^ @r (i:i) rospeotivoly* OHD of 
7CIT §mo ISiroo oQg^ onesats rail/it r^ll'} and P^IIQ mt*M waro 
o!iaPf»otori»0d aa aaaaolflavoa© (Ifa>f / " l - ^ ' t lt«^J7-aouo^>» 
ia«?tayl Mi^lseota ( f l ld ) aad tilaontflavozio ( l ) imspoottvoty by 
n".!. stndlau of their enarataftoa and siotisyi otaiara. 
1"^ ^ axai8laatSo» of TOXIJI aad l l a o(»i|}lata aotliyl altior 
C'H^irit) alaitg « i ^ 7Clik ahowad i t t<3 1>a aoao«(l-«i«tliyt «ittaato* 
ftavofko* TCIXA on aoatylatl<m trilti pyrl<)laa «»d aoetlo aaliydrlda 
gaira an aoatate fOtIM** T&e ?r.lB apaoira of ttia aaatata AXSIIM* 
and Ilia atattiylatliar ^IXMI alioaad fiira aoatoiQrl aod alx oathoxyt 
grotipa ra^aetlYaly* th9 *^E data of t&a Matata 7CIIAA*» 
aMaatafiavoiia Itaxaaaatata «ad hairaaatttylatliar ara gliraa la 
ratoia xa. 
'f / 5r 
1 4,5 
DWIWWilWIlWHWt (—•MJHIlMliM) 





3«3t (Sf U ) 
2.T3 (a t t 3 ) 
a .o f (Sf %ii 
a«50 (a t ^ > 
um (#, lu) 
UfH (QI m} 
f .0 f»n faCi i f«a> 
3*eo ia» i l l I 
3*&3 (d« U ) 
3i,4a»3«4S(et ^i> 
3.24 i^ly mi l 
2»§3 Ca» Hi) 
2*03 (a» ^ i ) 
3* to Cq, iu> 
(6,33)t(0.37)C«fd^> 
««si i i3tet« dwdoulilett ^q t t i i r t « t« 
"fi@6tra r^m i n ^BSSt^  a t 100 :>iS«| U S as t n t t m a l tt iuKtord •T'iO^OO 
<^ the basis of the rtiU v«l«ie9 of «l<»I«d and a*I«3 i n the 
«!»ov« tiribldf T0IXA» ««» ati isikftd (He •tr txetura of I - M i ^ I i H I ' f 






(TCIl^iXt) atong «tti:i ¥01D eh&m^ i t t o I10 aotio<*a<4ao«tiyl tiil«aiita«» 
fipr« «ei «e«t«t« TCffBA>« 
!%• r « t t i l t t o f mn ata<l&@s o f s w t ^ t e l t i ^ r i^QllMl) 



























($ ,09 ) (» , IK3) 
(0a4)<» t^n ) 
(Q«33)(«« 





^ • I I - 3 « » I I - 9 » 
I l - l i 4 » 
a«»si<«o*gii«#* 
a - i - 3 
U-I-3 
I l« l l«9 
t l w t * ^ 
H««i:i<«6 
l«4« , I l -4» 
I - -^tI I*0 
l -»TfI I - f 
9i»sti}gl«t« d«»4mil>l<»tt Q»f|»«rtttfc 
!!|}<if0tr« mnt in CfK!!^  &t too iHsfBiS as lat«rtiat •taadard «Tio»o» 
ana elicur«et«rl«tl<i fliior««e«]i«« In 0*v« U$&t) «llit TCX i^t* fti« 
?r4i «|»«<itrii of tli« two ttotbjrlotttoro «or» alto ct^orlftposaiilo. 
Tdo "iin •neotriM (Fig, m i ) of tbo «eot«to CfOtidA*) 
fttowotf •i i i iats for ftir« i^etoaf |^ atq;ift and oa« ••tttoxr iroii^* 
WWH^W*^***VVMV^»'t^V'W^ • » « M * * * A V < I ^ 
5 4 
PPM(6) 
F I G . X I I 
1 4 - S 
tif 09ii{>«riii« tli<i if«lu@i of t*S 4 I<«d/2I«0 & I I «9 protons of 
fCII8A» t .o# Y3.4® Str 3«3e/n'3.1« ^^Tg^Ti , ro i ^eoUvoty vHH 
tuooo of fciBA* lio.r 3#it &rz»t$/rs*iB ^Ta.Ts {TOUIO xaii)» 
I t 19 oir iaeii t l i m t tlio vottioo C^d*49 S^Stao) oro a t i itgftof 
f l o l d f sttggootias ^ o prooonoo of « mathQxyl ia oiio of tlio 
A r l i ig i i * Tbo prooonoo of sotftoijr groq^ a t X«>7/IX-T i a r i i igo 
1 * | / I I *A was ooaf imoa ^ ooa^^ritioii o f mil date o f f c I I i A ' 
w l t n tftoso of ^ o l*7«O««i0ttiy2a«ioiitoflai7Oise (aoQ-toloflftvtme) 
oeototOf It«>7«iO««ft&tt}Ft iiaimtofloirimo (Jototo^^flatrooo) oootato 
&&& aeioftiofli^vtKio boxaaootato ( f i ^ l o WlXt )« 
TCtlB tsii^y t!iorof(Krot osoignoa tlio ot ruotoro I«<4*» i l * ^ * * 
l«aif Il<«4t I«*?/II*"f«»i»onti^y<3ro»y, I '»?/lI*t<..(®o»o*o«aottt i f t /*I '-3»#II '^^ 
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^ ^ Ci*& USxi ^ HBna 
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<vsu 
85 t% 3% 
M •JS 
0 * 0 s« s* s 
9*n 
8* 
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t«4 | | « 0 ^ A « 
• - * • 1# 
* * • * 
JS' 
9\m 
J * » 
^ « ana 2-« *-« *£« !S« ^m 
• «i • • • • # • • « « * 9 «k 
Sf\J: » M a «?%« S<%t3 |*\j5I | f \ t 8 mtKI 
^^ p« is« iD^ ^« :g« «^ 






mil Ill Ill*III limiMii » «ii»iiiiniiiniiiiiiiiiiiimiiiiiii»iiMiiiiiiirm< ii ii«<«i<iwiiiMi»i«iiiiiiriir.i.iii.iiiiiiiiiiiiiiiiii<|iii»iiiiiii nuiiiii 
t^ f f i t l l f shoptd i t to t>o p^it»«c>*<«iettiFt iiiaottflfivaao'^* On 
aodtsrlatlcm vttti cietttiQ «i!ty^rt<!e m^ pxHMm9§ fCitIC %vf^ §a 
aeetiit« f0HCA»# 
Tho results df ftM spootra ot f&tmtll e»d ?€IICA* ar«i 
»h&tm in Ta!»lQ SI I* 
CHiKitoal i iMft« « f protims of TeilQA* siaa fiifll^tXll 
A99t®INNk8t feiICA* TCIIIJttI 
iiiinwiiiiMMWiimiKiiiiinniiiiiii > iimnKinmii 
n«t t -9 3*7d<tci«s) 
3«tl (0lf<lfi»9 Us) 














Hytstrs risi i s CDCt, st iOO mm m4 m% ss is ts t»s l stsBdsrtfn T'ta.O. 
•AItsnistlir« ssslissflttt is |isssiftti» for ftgiurss sfltn «• 
tisiksr I s fsrssttissis rs^rsssst Msttisxa^ fti^ot^* 
i S i 
in* mn i|>««trii of fClE€SXl m^ TCnCA* tHinwd fttgitttlt 
for fi^o aothoxy mtd tiw «ttotoi9r group* roopootltroly* ni« 
«lip0«r«iice of two ooto of AJi^ protoao In fQlimtt l^at 8 . of 
oatjr <MiA 001 out f ting <lo«tifi«14 in tBo oootftte o«tgft$stoa %hm 
firetonoo of e fr«« bjrdroaarl groti^ a t 4* post tlon of oao of t ^ 
0 riag ffln^ Kio Isjilteettoa of tlio oorrospoiKlliig pooiUon of tli© 
ottior a ring to C-^** llnlcago t a 1?S1IC» fli© ttatcago oonia aol 
Ho tiirott^ I«C-3 or tI*0-»3 as itioro froro alnont tiro iavarteat 
prolong at 'f 3,83 m& 'f 3»3Q# JSoroovor tlit® llnkago wojiia l©«4 
to two ootAoot^tod pi^trs assooio^tS i»itti ring I-A oinS II"»A i^ i t« 
only oa© otteli © jnotr wos obsorret^t HSko pres<;*aioo of two Biota-
©oti^lod dot^lots a t ' f s . t e esaa T 0»S@ oa^ o otoslot at 'f a»T0 
ooggofltod that tHo UiilKogo to otttior tb ron^ C«<3 or Qm% «f A 
rtftg of ono Of t^o ftavoao iralt. On m& h&a%m of tti@ n^ovo 





Hie f i n d f loel^ioi i li«t«»«fi x«4*'»a-ll«6 ( I v ) ana 
I«4*'^«>If«>9 iv) Italcago «&» leKoii fe^jr fe^eneene tii<Sticodt so iv^nt 
» t i t f t 8tttaiQ« o f motXtmi:y r^motmntiQ of f € l i ^ i t l l * On ehuage of 
aotiri if i l ttam CDCt^ t& C^ll^ fCIlsilZlI aliov*!! »9thoxy nhittm e» 
34 net ^ ^ t f 57 IlsBf 34 Um «IMS t Be, Tbciso obt f i s are we l l 
i i i l t i l f } tlkfi r ^ g e fo r foar (iii!iiiiil«rod oottiostir fro»|>ft ana oao 
intiiaero^ iii«tli93K]r g r o ^ « I I urns r^asonatile to m»m» t t tat 
^lis<!«rod notliojiy ^ o u p wcui iHo one at II<«3 o f • t rae tu ro ( l b ) 
f l i tnkei ! ^ other liotcogo on one aide aad earbooyt groti|i oat 
ttie olber* 
fhe f rao t lo i i 'FGIIC ««•« ttiud ae«igMe<l tbe • i ruetc i re 
11-4% l -S f I I - S , l * t , H-^T-^oataliyiiro^y j f ^ i - ^ ' ^ - O - l l - e J ' 
153 
fbQ trmtimi fCIlI alttioditi Utm9gma»<^m ia eiiro«ftt<H* 
to ti« fi alxtar« of t6r«tt n«tbyliitii9ra* fti» tt«liirtotli«r» 
etieraet#rt«0d «» Mi«iit»fliiv9£id tiexasetnylet&or ( l l o ) f tatwanla 
fl(ivoii« Hexan&tl^ylBtiter ( tXI«) a i^ tilitdlciflavoii« poiitatt«tbyl 
« ^ 0 r {Xb)i reai»oeUvttl)r* CCi> of f C I l l gara ttar«o eottpoaonta 
tCTIIA« TCIIIB and TdXXC vUlo^ vara abareoterlsad as I - T , 
rr»7«od[t«<l<»fliei|{iKl aneatoftar<ma (IIt»)« tatwaatafIavoit«i <li-0« 
iiatlisrlatliaf' (lXIt») anil tsoarypfeoaaria (Xa) raspaattvaly* 
£X-3% I I - ® 7 bxriairoita ( tC I I IA ) i 
n^ vataa fluoraaaanaci In UV. l igl i t f Mast tmA MB. apaatra 
of mm iMtlifXatb«r CtCXfXfifX) «raa faiuMI i ltentioal t a a l l raspaeta 
wi^ ttiata af aatliaatla aanpla of aaantofXayooa ttajcasattijrlatbaF * 
tHa M M wpm^trmt af TCXIIA acatata (fCXIXM*) <«/a ?34t M"**) 
tn<llaattt4 i t ta ba a 4imnVk«ity tatraaaataxsr aaaatofXavaaa* f&a 
!<iilii data af 'TOltXM* aad athar aaabara af aa»ataflaraa« sartat 
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tbtt «t««t^3''l«tiier» tC I I IA i« «»«ifita<l tii» ttrnotiar* ( l i b ) %y 
empmtiaoa i>f th« m.u apitm^rmt ot i l » awititit CFlg* XXXI) «it& 
the sfieoIrA of «o«tdt«8 of S«<|ttol«fl«rone me^  lI<»7«iO««ottiyl 
a»e»toflQiroBo« 1^0 proton sigaitliy of l^A &n& 11 *^ rtngt «r« 
• t f o €i^^»Arit&t« Hi til tliovo of « i a t l a r l r 0<»uititttl«<s X«»A and 
II»A rtags of Motfttot of ( A ) po^ooorposfIGVOIM Q | (ti) I H I % 
II»T«dt<»0«4iottiyl aMsotoflavoitei (o) Sei«do«|}itsiii i»id Cd) 
{Ciisraflavoofl* t£i« oeoiato of TCXltA wvm found idoattoat in a l l 
ro8!»oot9 wltti Hiat of I«4*t It«Ml*^ I«^« XI*St tetraii6oto:«y 
fCXIXA w«9t ^oroftnro afloig&od t&e otraotoro I«^*f II<*4*« 




i 3 b 
TM: •xttaittcia«»t of fCttI0 9M I t * eoM^leto ««tl^l«tluir 
itcttmn) aioas nitii TeiOt tcxiBt «i>ov»« i t to ii« <ti«o.««^yt 
ttAwmiBtltkvomm ou atmtristUou fCIfX0 f«v» on «««tftt# fc;tll3A*, 
mse data of »etliyle^©f ( f C I i m i l ) tma aeotate (fCIII&4*) ore 
sliocRi ill Table 1Ctl« 
f c i i n i i fOIIIBA* Ssaignment 
3»33(4|) 






3 t49 ( i ) 
d*e4(<!) 
»^mw 
( o « o d H ^ f « } 
( 8 . t 4 H ^ I t « J 
( d *a$ ) ( ^«» ) 














a ^ i - 3 % 6 < 
ii«i«<(« 
a - . i i ^ S 5 » 





A ***•> ^ * , * * " * • 
l« f l , I I « 9 
I »T | ll«»t 
« «» atnglati A m dotiUlatf i| • quartat 
"ipaatra nia in Gmi^ at 100 Miia, Bii a» Intamal ataadartfta f 10,0, 
?r«ailier In paranthaaaa rapraaaat aatlioxy graupat 
-1 r 
*v»w*^#*wy#*V*Y^MH***'^ 
J I I • L 




I .1 7 
i n * i i»t)i]r letl i«r ( f C I I I s i I I ) ims found i< l« i i t i«al i n a l l 
rcmpeets (R^ v«ta«« o l i«r f to t«r l« t ie flaorcacttnee I n WW t t&t i t 
f l i« ?r!n •pDotraii ( F i t , I I9> of the aotttat* ( T C I I A * ) 
•&OWS4 «t«iiAl« fo f foctr ««otdsr groaps ood tvo atittioijr groti^s* 
IHe protons ctf r i n g l * ^ g«r« rt»o to a doutiledotiblot c t T3#1S 
^ ' o r t ^ o * ^ * * ««# ^ i ie ta***^ ^*^ * iloalil©t at T 3.110 ^'^oeta^S.d Um) 
ma aRotlier dotiOilot at 'T'3»83 ( ' ' oy t^o ' ^ ' ^ ^ " H *» coa fo ra i t r « t tH 
an litJC pat tarn* Tut Q«>a*f3* aad a«>3*t9* of r i n g 11*0 gava r i se 
to two dooDteta Ci^fttio*^*® ^**^ ®* 'Ta*©® a»^ "^ 3«a0 raapoat ivaly 
f omtog and /^ gQjj p a t t o m * Itia Taliw a t ^3m^ asslgnaa to SI«4*t 
fX«»d* protonSf was eo«i|iara!»ia to t l ia t of s i ra t la r ly oons t i la tad 
protoaa l a taiiyanlaftafrojia tiainffiiotttftat&ar f& IM l l ( tHoroliiry 
tna iea t lag ^ o praaaaoa of a itat&ojiy grott;) at I I « 4 % posit ioa« 
f l ia firoaaaoa of I*«.T/ll*T otatHox^r groui^ t « r inga l - A / H - A was 
ati^norted hf tHa ooapaHaon of WAn data of f o i l IB A* w i th a l U a d 
«oiil»atta<!« (Vabta I ^ IX I ) * 
TCIIIO waSf t t iaraforat aaaiga@d tcia at ruotora I«Hk'i 
1-5, » l - 3 t l - t / l l ^T - ta t r i f l i yd r035r *U-4» , l » T / l I - T * ^ - < l - « a t t i y l 
/ * I - 3 % I I -3 j^ l>t f tavoi ia i t l i n ) * 
(iitu) 
1 0 5 
< — w — • m iiiiiii»ii»wiiiniiniiiirii»iiiiii>iifw»«M»i«»iiii»«»i>««M««»«w^^ nmmmmmu iiiiijiimn*——nm i«immmmSmm>mmmmm»'mm}'mmimmimJSSm 
mu mA e«p« tpQotrfltl ffttt<(li«ii of tctllCA^ stiov^a i t to tie 
a ttiMSonottioiir tfttrnftoetoacr tsiac»lKtnav<m9« the possi^ilitir of 
iiQtti<i3Qf croii^ !&otitg at t'H9 or tI<«S $»o»tlioo warn ralod o^ xt «• la 
ttio fiftroBt ocMMpoiflK} i t ao t f ^Mira «»ra fvo Hj^ drogaa boiKSod i^droxjr 
groups at t •S.tS aa<l ^ »3«9 aaKpoatad for t&aaa poattiona« A» 
ft*Tt«a «aa fotma Ittvartoat i n fCtltA* aiM3 fCIIEMXII (fa&le XSX) 
tlla aatliossr group waa aaalgaad to I I^T poaltioo* 
fHa iaaa at v/a saOg «/a ass, ni/a 390t a^* ^^^ «tt4 
«/a 8S2 l a tHo aaaa apaotroa of TCt£t€ (Oliarft «20) ftn-tHar 
aopport tb» aliova aaaigaaaat. 
TCiriC aaat ttiaraforat oaalgatA tHa atrtiatura I I < ^ * * 





A9Slgntt«at fCIlICA* fQumui 
It-t 
3.44«Ctn»«) 
a«99<3IIi4t«r » 0 lis) 
3,te(0!«d».f «• 0 as) 
<dai)(3aff») 
t .7i(en«»)» nsGf 
7.6T (tfp mi mmnhl 
dU2} Cill«<l««l » 2«S ass) 
3»3S»(ta,») 
3«4i*Cia»8) 
d*id (S^ydtJ • 0 am) 
3,aO (3E},dy«l M 9 I IK) 
3»98 (;^lt«|«l • 9 fl») 
d«06 (aUi«»<t • 9 £ls> 
• % t « t r « rtni ta CDCt«. at 100 $«&• «nd tSIS a» Inieniat •taadionlw 
/flO.O. ^ 
• ^tt«rafttlv« •««lgiwfiftl 1» povitm* for figures irltti * • 





(CHART -20 ) 
1 6 1 
ItAflitf mmthftf^r tr«««f of @«9licMri»i«ii«M «r« of vtry «iv«n« 
ev«r SpOOO ii|i09l<i« «r« «l40ly 4l«triliiit«<l «ro«i<l tti* worldf mtmy 
«r» oaltf for «ir8«Hi«iit* at&ters liavo iral{i«l>l« ««<liolitiil prdp«rll«« 
and scan© faraisli «llibt« |iart»**^*» 
OatF a fov ^Semttt of mtn ftHtly iitsv* liottii oxostnoa o»d 
foim^ to a^mtaiii aaoiitoflavocHi i9onvatiF«9« iJiabroaattiaii 
^ d l^ i^ ttrajQii,^ ^^ ftftT© oamsiifioii m^ loixvoa of ?4qatf^ ot ut iUg^ao 
polit (M* oaottloota OraatsHOtiptiortiiiMooo) eskd roported ^lo 
preminm of gooroetio 3«rti«i»iogttioooldo as tfeio <mlr SlmmkotiSHo 
1311 
eonslitiioiit* ReiirrosHgotlofi of IDo {»laii% In our latioratorioa 
s^oima 1 ^ prft»«aoo of Mtontof 1 aro«» oad podtooarpuaflai^ oii® /^  
aa fcfito l»|ftcnr{Riot«! eonsUttieeato oloxtg idLi& l^e glyeoai^tos of 
ijftoreotli} ana iCiuiwferol roportod oortier* 
Elanlhot to a lorgo g«iiti9 of ta l l tiomat i^orDs or troott 
sM^ttjr aattvoo of Oraitl and iiamor parts of ^aorloa as far north 
at Maiteo* fUrao apooioa liava iioaa ooltlvatod for t ta atraniiy 
ttmars. llanthot aa^ol^ttf ot^atttcMtca ^ « VOAwA plcnt of t&o 
fanllif Qiipliorbiaeea^ eoataialag litftairoiiest t ^ f i r a i oao liaftag 
J b •2 
Allgtirli Musl&tt tliiiT«r«t tTt AlifAiiiy I I I ^ A ) ^ ^ l u r pr«l|«taftr]r 
litirtfleiiUofi <ai<l prepmtAUrw niironftt&arapitr on • i l | «« «#l uslt^ 
B r^ (36$ 818 J*^^ yt^liisA twtt fr*(»t|^s ^ l e i SB4 ^ I X * nm 
mmt QOloar rdOiOltotis isiid titirAiflotot s^eotra tQ ot&wol 
€lt o^ttiyleitlcm^ tit]]; sod milt obofir^ d a 9iii§l9 oetSijrtotl^er 
of mo p&rmt ots^ovm^s lull va^ tinii <md rmia mid laass BpoetrA of 
t^dir fie0tato« Indiisiile^l Hieo to l>& «£»ittofli»rtiEi« oaa aiiiioM>« 
mot&irl QSMiiitofici^ oiio r0®poottv®ljr. 
iiiiiiiWiiWMIiiiwi—iwiMiWilirii TriiiiiiMii(iiiiiiriiiiiM)i iii«iMriii|iiiaitiu»ii>niiiwri«»Mlii»i«MiMWiiMoi»i»rB^^^ 11 iiiiii.i ii(iiiiiiiiiiiimiiiiiii|riiiiiii.iHi 
mi iPm'mt) ii«p# • S40^ 
mm in^tuyumer) m^p* n^u^ 
f l i* «as« «p«etnw of tMixmoth^l etHar «boii«d • bate peni: 
«t • / • eas (tf^)« fti«i*« «tr« variotis tos««« of |^» 19 •««« t^ ut 
tli« otlior oiiiiltioiifit p9tk mm at o/a 3 t l iaaiaating ^ a f aaali 
flaraaoKi imtt lia«l tliraa aettioior groopa^ Uviag Aotilila irradlatioa 
taatiaiqaai I t wae possltolo to aa«lgii T valua to aaoti proton «ttti 
t^a aartapttaa of il«l<-3 «a<l tt-II^S aiiiati aoal<S aot tio dlatiBgulsbadi* 
tiM raoalto of Win atuoiao of aiill mmyl attiar {mm} ara raaortfod 
in Taiila rcil« 
163 

















S|>««trfMi rutt In Cf)0l^ At t(K> MHs^  ^^3 «• tatttrattl fttandard «t'i(»«0« 
TlM» T v«l««9 9Umm€ tluit I«a* t» liiilE»4 to I I«6 or Xl«<a* 
Tiio otoocrrfttioii ^ o t i n floir<mftOt HcKtrii^  «ii «ro««ti« •uboUtitoiit 
At IHI9 tilt 8«0ii« g r o ^ gottorotlr i^poort I M I O V 'T 6 « O ^ * 
(Tiijkt* i r a i l ) U 4 tti to lioUovt tikot outeotttueiit (flavooe mt%> 
I n IISI ottt toootoft at XS«9 wid oot at I I > 6 . 
164 
y#^i,*„;^3t^ 
t« 6t:^r««siifl«roti^«xMi«ttirl #tli«r 'f &»i8 "f 8«S8 
4« C!lti0lE|ftisrcme fieatacMitlijrl ttfber 
8« MfllSi T6.08 T'S.O* 
lioxiwi#tlirl «t!t9r i^i»Kliig that «r«ff it»tli&ae|p grotip Hisil oi taiial 
<»!« <»r^0 fratoo aitd» tUarftfor«y « It«a rat£i«r tHwi XI«9 
fft« rasfiltf af ^ci ttti^aa on ti«««aeetAt« of UMA nr* 
«fi«Mi ia f«d»l« K^v* 
OUaaiaal atilf ta af {irotoaa «f liUlA 
• " • ' •"• " yi<m^m«mm:«,^m,<* Km w » i i « i . . . . — . . M I . ..i. .•..M.ii.i....i...i-. 
Stgaal arotaa AaiigiMiaat 
i»M(a) t «*li«e 
a«4«(«) t at«x««* 







• « slngtot^ di w dotiblott Q at <}ii«rt9t 
^pootriM rmt to 011013 o« t<^ ^ t t TAS 
65 
us l»t««nsl «taii4iir4 m T iitmO 
ftm oofiiiyoimd iiilS was* ^ii»i esslgoed t&e strtictttro of 






MHfS (pwranl) ««i>* • Md«<»S^  
aittss «|»eetr« of Witt me%m%% {mm&) «/« 793 (Sl^ ) fllim?«tf 
i t to He n ttoiiOtt0tli<Hi7 peittii«««t(iiKr eMQii«oftfti'«i«* 'mm p o w l M l l t f 
of setnossr @roti|> Heias ftt t««3 <ir tl«3 postttoo «ui rttl«4 oat «» 
il l "^e parent etrnpotm i^ t t9«If ^®re irsre tvo ny r^ogAB i}Qii<t«id 
hf&rmsy ^rotspn at Y «3 ana «x)^iit6d for ibeoo po«itjloiis« ino 
A^^ fs^ P0«ir««l at 379 AMI (Sa»<l I ) «m^  3^^ a^ it (Siktiil I I ) • /MKIitlon 
of 11/90 nm&f mmm m batfioc^rosilo sMf t ot Bapd I «l t!i ^ 
iaoi^iioo in tfitoftolty and of Oantf I I uttli a nodoroto deerooso 
i» latoiiol ty* tfiiis Isdieiitlafi ttiot no aiottioacf Wtavt^ wm proooat 
at I«r or IIw7« THo oaljr jpotltion la f t for tbo aatHosf grou^ 
iilftet bo ! - • • or 11-4% Aa 8 j firotaas of k^^ ^a t^m of ring 3 
iPtro fomA tavariottt in Hotti Miill aootato ('4ailA) aad ^BII notbyl 
otiior (siniiii) (Taklo icw)* tuo Mtnoxy groiip «aa aaaig^od to 
l I - 4 » , 
67 















THo appeariRtoe of Ions at m/m 132 end 193 oonstttivit villi 
tfl of !llXtf ntitoli ««tf fotind 9iip«rti^(isiilil& tt^tli ^ a t nf m 
flk« !r!'i «|i0«trtni of mttA $nA ma <Amt» of tmttA «r« siioini 
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sp^ GtrtM rtm la coci^ at tOd ESOss fM3 M iatonuit •toBdord r io,o. 
OMe 
(IV) 
c o r i C L a s t o ^ s 
170 
Tactiiiintii «ryii«Oii<tr|df<l«» Ongrata {1?axo^<to«ii»h 
<iry9t«i#r^ot«f * tHr— a i f &tf li!^ y<mg» of tim mmm tort** akimg 
irttti ttietr oorrvvpMtiSttig Mtttttoflav^oiit and tttaofeifIOVOIMII nmm 
l»««ii tsotntad i[iid oiiftriiottilsad m ttietr eoiiiilftttt liiatftijri iitls«r« 
m& iK»«tiit« 4«flv«uv#«» As I t eo$i» t i titt«e ttte f i rst mwm^l^ #f 
deetaf^^iest g®&tmUmi and i^ MStrii43rt«ft0«ktAQiii of/*i•*»!•, H-^J'^ 
HaptgiHi&ajpl frwi fffiffff^,.f| t'TIgl^ffffnoj^^fft *&• |isr«at Mflnrcnitt 
tifts ^ftfi a«Bi«d fts ysjwiutt«f lnyoty« ma m»& mmt spsotra of tins 
ttttxasw^rl •tiuir» i^it i^t t t r* sf tiNo «<mo«»i ma aia*mri etbsrs of 
etmtnta p«r«»ti aofto* «it<t dt^ -CMsstlkyl -tisliiwiiittftariiat* 
Tlio total o«s«tttft^l» isolator isnd (sli«r«ot#na»d tat* 
9I10WB Hatowi 
(t) 1-4% 11-4% I««, II*», l-»t, tt«t*€l«3ifliirdroxf/*I«3% 1 1 - ^ 
Diflairoiia (m^at^ilmmmh 
(11) 1-4% 11*4% t^p il^t l^ -^ t I I - f^«wil3r«»oar/"l-3% U-^JT 
biftavoa* Cf«l»a»taftinroa»>« 
1 7 1 
WHii I Ill III" I " innwiriiin iii»iiiiii|i«iiiiiifimiiiii. imi mimr iiii.r»»«»M»iiiiiiiwiiiiliiMiiiiiiiWii>niiiii»[iiii ii i iwiiii iw^^^ riiii>iiiiii.i|ii» 
Hift pli«iiflilt«t «xtrttoUir«« of %h» l^ dMb lee.?«« of ^aaiii^ot 
«itH^#«i»fi &«•• ^m «x«Mlii»4« 7110 &tf lair(m«« t»otat«<t aiKI 
( I I ) l ^ » , I*!lt I1«S, I * ^ , XX«*T-#«iiittihr«ir»]qr / * l - 3 % X«-9-7 




dimities fulfttiva to nm m tntetneA »tmQmt^m i^i»» «»p#0trii 
Wirt <ititttta0€l froa Ttmy^niQ 4»^1% foQtis iit|[j& f^tolntioti mam^ 
9{i«ietr«ii9tor* Alt tli« riifigvAtii «i9*4 iwro of *MMMIE* grsao 
•noept f9r»le «oia (E* ^eirok)* 
f#r t!i« «artraDti<iti and isoSfttlQii <if til fIinr«ii«|itfBt 
i V 3 
f/tiTf^ A^ A caypyoitEniQf 13^ 8 a^fAfA 
nstriMtlcKi of tti» lUtwrat of 
mmmmmmimiimimmmimmimmimmmmmmmti m iiMii iwiiMn wiWii»l«iMiii' 
ropt^lfo of CMziat were eme^HtQly ewS^mtrnt^a «itii ^Iroleaest 
otftor C4d««^ 0^ h 1^ 0 oottMiioa oxtrttotf utro ooiiotfitr«t«d f t ra t 
at ^taos^tiorte {irosaixro mtd thou iiia«r rodnfwl pro«»ttr0| nOioro^ 
an Qltr surmim mnkAm toft ttetitnd* ii&i<^ stiointd no fli»roBot4 
oototir r«i»it|oiis mA vm ro|o«ift<l» 
fHo petrol tre<it«$ loi^os woro o<»i^lotol]r <irlo^ oaa 
oiKltiti»t<»S o l l^ liotltiig aootcmo t i l l th« osKtrmit wit olistoot 
oototirloss* the ooaltlaod aootono oictro^li «oro ooneoieitratod 
ft rot ot otfiospiiorte proostiro em tiioii £ei<3«r aialnlsHoil proosttro* 
A /i|iHmr 4«riK groon ifoos woo olitoiiioil* flilo ffos roftuardit «ltti 
fotrolotm otbor {40«i60^>^ I I^SSAO ondi o&iorofora oooooofi&voljr 
tstt ^lo «olvo«tf In o«oii 0000 wot otnott oolotirlo80# Tito 
r««t<l»o tttf t bolitiid vfto ^oa trooto^ wt^ iiotUng «ator« fbo 
inooliil^lo turoiM ^mmf «o«9 mio ISioo rofla«od ottb otHrl ooototo 
for to hr fttS filtoro^* fno f i t tmto mtm ovoporotod to gtvo a 
4oi^ Urooii oolia (S g) 1^11^ roopoiKlid to tbo osaot oolotir 
tott for rtoirfliiot4»« 
i i \ 
A i w i i 9Urif«4 «tis{»«iiiil<m Qf » l l l e « f « i (ISO g> in d i r 
!>«trol€)t»B ettitr (4<MI0*) «&» p»mm^ ta to « «<il(iiio (iSO «« I«iig 
and 90 «» i l t « » t « r ) * Hion tHo afl«»i!%@iii ««8 iml l »ott lo«t tii« 
9S4NI99 {»«tr«l«!»i « ^ 0 r iriw alt(Nw4 t«» ^i»» tiirotign vm ^mXxmm^ 
^ 9 eaf% Itrom 8<iU<l Cs t l wen «tsi^ i»lv<»d t n dvf lu i^^ HiiO (as o i ) 
mKl va» adsorttud oa s l l l o a p»t <@ g) tn e C&lcift dlsH* m» «x<{00s 
solvent im« a t to^d to e7i^£»i>at« ^ t i t a diir r««ld38 olitalit&4« 
T!i9 a<l9ort»e4 <ittieA gel ««s t]pa»iBf«rr«<s 9ir«r to tli« eoloao* 
7li« ootoiHi ««9 «taite(3 wlttt orgaiiie «i<»tv^fit« •neoesslirftly i s ttee 
tttoreaft&ag or4i«r of polnr i t r* fbe restilta «r« giv«ii i n faDio 
n»iii«iii»[iiijiwiii»ii|iiiii"i Liii<>w«WM««iwiiii«WMiii»«»iiiiim m ii miiiiiii •HiMimiiiiiiiMinHJHiiii iimiwiwiiniiniiill i< iiiniiii MII I I I i miiiiiiiiiiiiiinriiiiii niiniiin 
%^Vf*m% ^Atiir» of %%m ^ro^ttot 
i«MiiiiniiiiiHipMiiiWW'"miiiiiiniiMliiiiii mil II iiiiiiiiniinniiinwiiumMiinrniiiinnl'wii wii i i i i i i i i ininii i i i i in m mwiiwwunwiiiniM IIIIIII»II<IIIIIIIIIIIIIHII»M»—» 
1« p«trol<itMi olUftr {¥h^d^\ Qr««iii«lt gtamqr wmm 
S* Oeiie«ii« ar««a mm$ proatiot 
4» ii««toii«t1i«a«oii« ( t t a ) Bronnittli gr««A • o l i d (9 g } 
9» ^oioao Oivrlt ^ro«ii iMt t (^ £1 g) 
lOwMiiwwiOwwMWWi inoum mi [iiiiiiiiiiiiiinwiwwiititWMWiwiiwiiiiwiWMwrtw^^ 
Fraotloti C*) oAd (S) g«ro }»o«lt|ir« 09t»iir toots for flnroaoido* 
1 /3 
«tirr«a »mp<m»ton »t «lttea ®«l (SO ^ Itt 9Sl nl ii«t«»r) to g|ir« 
a leerer aii^roxlttiitelr d«$ <^ ta tiil«iEit«a9* after drytag for 
8 hr at » « t« .p . r . *«r . , tE» p l . t . . « u . Mtttr«««l «t t iO-»0» 
for i lir and firewtnrvd in « duttoeator csitil roqiilre4« 
fli9 «ai^lesttr of t!i« Mftai'aAOliEl mixtmr^ oHftctiiiHl «ft«r 
ptirtflealicm tiif ooloam c^r<i»i!itopf^:)r was oxaMiied iir "SW tmiag 
tti0 folto^ng $olv9fit arsteiSKi 
(All) Talii^ 6WPFri€llti0«>m»ttSQ mA^ CtO»tti> 
(tir) 0«n2«ii««>ntti|rtfio#t«t»-«o&tle ttold (SiSta) 
(v) emifiii»«^irrl41oa«*::tnrlfor»at«<^(ixaii« (3»ttai3)« 
l!^r»« eto««ly> ^9Hn$ spot«f t«o a<Mer «ii<l <iii« oiaor* fnojr wAre 
<liff«r«iie« in n^ vtXimm «»r« 1i»lt«r r«latlv» to otii®r« «o «« to 
«•!(• i t til* 4«ir«loi»iag «3r«t«» 9t o&dle* for qit«»«lt«tlve sepora^ 
tlon* 
1 i b 
f!i« fr«oti«ii9 (4 & a^ <3«9 <) obtatnttf fro« t&o OHIUSHI 
wf wA.wt€ ana dli«9tir«4 t« ^y-rl^n^ m& in* •olttlios 4S no 
<i1it«iii(»4 vat iq[>pii«« to i»t»l«a (40 x 39 o») «it^ ili« tt«l|> of 
m iidoti«iiie«l e^pHmmt&r (&••«§«, ll«ld«llHir|^^ 3 «0 fr^w l^# 
tovtr e«s« of mo {»lfttos* "Ri^  i^lttltts wooat^ d on o «tiitiil«s» 
9t««l fTMO ««r« {ilQOsd in m t>9mm^ glmm Oti«sA«r C433a3aca3 «i> 
eontaliiiiig soa el of ti»o <9Niv«i» i^iig •a|v«ii« C3?r^  aoidt^)* m&ok 
tli« solir«iil front iiaa trm@llm td «• fjro» tii# ^tartiag line ^@ 
d«v»lopBittii« «nui lotorrai»to«l and t&o f>laf»« iwro driod ni rooa 
L J \ ' 
t«ai»«r«ttire* mo pool «|on of 1^ 9 UMIS* wt9 aarHed fa OV 
t t ^ i , m« ttiriiod plgffont soae« iii»ro tori^od an sot i^irato Hands 
Mtts t^9 Holii of a Sj^ attslQ mtd oltsloiS to oo^oralo ool^ issiio «ltii 
arr «iiof^e« IHo •Ittut* in « a ^ «iui« ««a Oltttliloii off to glir« 
(m o l l r l l a ^ d mi^ on addttiott of imtor jrii^ldod |r«lliei« proet<* 
{iltato* I t wm ftltorodf «ai^od «ltli vator issid driod* af»io« 
goitoltr of tue piptoato mut im«t» oftooimd by ¥iiC o^lag fivo 
notYftat iantoii* « t r««^ Itstod* fHo frftotton tliao ot»tiitaod g«r« 
puiro fCI (300 ag)^ f m i (4S0 «s^» «ftd fCIIf (809 i^U 1»io 
ooim»t«iltto« of a t tuo fr«ttlOf» fGt# TOII Olid fOXIt woro 
tttadtod iqr fiiO •xoKlniitioa of lM»iv fttltjr soturlotod prodooto* 
tOft 
fCI (180 ag^^ oatUfdroao |rotMioi<ai oornoiiato (4 4)1 
dt««^r l OitlpfiAtt ( t « I } «ttd dvy oootono (400 iit) ««• roflaiMd 
I / 7 
M a vBUr hAtti fdr i3 Hr* A MHitl fiortton of tli« r«««tl<iii 
•lirtnrt «w l«k«» 9ttl la ii l«»t tab* «itd t««t4id for • l « » l ^ l ^ 
r«»ott<»i* a»ftti3(tttg oontlaodiS imUt i t gmm « it«gmttir« iiIe*F«CI^ 
t«itft I t ««9 lti«a fltt»r«d ftad m^ wmmt&mt vm^4 s^vewml tints 
vltii hot «i}»toii«« 1ti« f i l t r a t t aad «a»tiiiis« ii«r» ooniiiiiG l^ «iid 
QifBpurAtmd to dryness^ flMs r«l l4^ retiai3« «a#Ki(l 3«^ tlaos 
vltli |>otrol»f» ettiav and ttieji tiOioit a|» In obl^rofora (lao «!) 
Ints a sAfiaratorjr ftniadt mS waatiod aavarat tisao <siith watar* 
fHa vatHylatad iirodaet an f ix axaoiiiatloo aaa found ta Ha tlia 
atxtttra of HaxanatiiFt etHera af oaaatoftcivaiia itGmtH^f§ fli*t«t 
««i9»f atiada in {l«V« li@iit) and a aaa aaa^aaad (TCt^ll)« flamy 
nmre m9p&t»tm& Wf ^reparaltt^a I afar e^tnmmtoat^tijt ta gin'a pure 
fCtMt (eo ag) aad TOtiitI im mgU 
oco aaparatioa af fCt (tSS lag) «a» aarriad aut liatieaaa 
atl^t aatkirl kataiia and a l^arata l>af far (pH m 9«6>» miaa 99S 
traaafara wrti aarriad aat hf raoraUag wa^ad tva parta vara 
abtainadi TCf 4 (^a* i6|-atS» dO iig) and I^IB (Ha* aid*agO« 3(1 Ag). 
TOtA gara aaantaflavaaa liaxaaaatata fCXM* aad fCia (1*3% I f«3l« 
Mi^fjtgaatn liaxaaaatata TCIQA*, 
iH^Sti*isi^t n*g» i*T, n t^«aa«a«'Q^atiiyi/1t*a«« it*sjr 
Mflayaaa {TCI»H)t 
I t arjratalllaad fraai cdlitarafara'xfaatbaaat aa aalaurlaaa 
aaadlaa (60 mg) m^p* 339*a37^* 
i v s 
#^f^9)i a.43 (•» lit, !!«x«$}| 3.3§ (•« 10, a-n-«)i 3.M (•« aa, 
mmmtmmmmmmmmimmmiimmi n im i» mmmmmlmmmmmmmtt^mimmmmimmmmmmmmmmttmmmmmmmmmmmmmmmmimmmmmmnmmmmii iiimii 
Aalir<3roitB TCtA iti& )«g> vfttt ooGjisrlfitea witii i>]rrld&iio ( i al> 
mS «oetio ontir^ Sritfii (3 ral) 00 « imt«r Datli f^r 3 tir* I t w^ 
tnea eo9lfi<! to rotm tQa{»«ratar« osd ^oui^^ onto erfisbed toe* 
fhe «09iirala4 ffotia was fttl«re<l «A«ti«A vltli imtor eaa «tir|«d» 
f t errstftlttmd froA <}!itflir{»for«<*^ e(>ii (40 mg}^ n*p* a33^« 
3*31 (4, t«9 a«^«6)t 9*^^ U* ^ f ^ ^ ^ > t 3«3C» (st ^ 1 
w-i-3» i]«cf*3)i a.aa («» tOt «*n--3S u-«»)| i»9i> (^, iw, 
fi-i-«Mt i . n (st ta, ti«tx««e)| 8*4a (d» to, a^x-.o*)! z^m (dt atit 




A ttim * ^* *P ®*** ^^^ ^* 
f l - l ^ « ) | 3,2I> (2a» a , 3 - t l « ^ * , 5 n t 3*4t (JUI, 9p Q*JI«^>t 3*40 
(t!!t a« f l - t»9 ) | 3 .40 ( iH, d» »Ht{«€) | 3*04 ( tS t df «r»2«0 USf 
n « t « « ) | 3«d9 (IE* dy 'l«3*0 flat, 0 » U « d ) | 0«O9 ( ^ « »« oaoti 3 0^«) | 
6»i4 (dip «t fii«>i e,39 (as* tf meH ^*^ i^§ »# ^«)* 
fx^'f I t - 4 * i l"d , I I ^ # I-^ Tf II'«>T«a«x««OQtoxir / * I * 3 % *I*3j ' ' 
fCl^ (30 ng) was fteetr^Atttd «ilti pfHiitnm ( i at) mA 
ace tie mttytrid^ iz ml t mt a vator batti for 3 lir« It warn tii«a 
eool«<f to r^ ORi iea^Qraturc and {»our«<l onto orasttoH teci* ftio 
••paratttd aoltd vug ftItor«<l« waslioil wltii vator ma drtad* i t 
eiyatattista froai atbjrtaoatata iZZ ng)t »*p« i08**« 
180 
fOtt (aso «g)y fi^ydrotis potassitw Garlioitot« (6 8ig)y 
tlinettiyt stilpHotQ ( t *5 o l ) efod aty luiQtoiiie C@<H} »t) was r^f laxea 
<Mt a vatar ioatli for SO«»ia tir« Af tar lasoal terorlc tip end TliG 
axaainatlcni* t^e itatiiytala^l ^radtiot iraa fotasia to bo ttt^ silxtura 
of t!irea satliyl athara aa fCtlMt, TQll^ll ana fCI lMI I l« ihey 
aera aa^aratad W praparatlva l ^ a r o^roaatogra^tir ta $tva para 
ft;it'Sf <70 a i ) | l^tlMZZ (60 mg) wd f C i m i l l (40 Mg)* 
fCTI (300 iig) aaay ttiarafara ata>Jaata<l to CCD aaparatioa 
bataaaii attiyliaettirt katoaa MK! boraia biiffar (pn 9*9^ ta giira 
fa i lA (§9 M«>» TCtIB (60 « K ) fMid fOtIC (eo Hg) and ofoaraatariaad 
aa aaquataflavaaa* taiwaataflairaao aaaoaat^l atiiar and htaolUl* 
flai^ona raai>aettir«ty tiy tmi atiidlaa of Ibair aeaftataa* 
1 8 1 
I t niriitallitva from e)ilorofor««««ttiaiiol «• «oi«tirlo9i 
3.«« («» n , a**!^)! 3.SS (dt ui , a«i*g>| 3,4s <8^  la, 
f?»n*3)t 3»43 (Sf HI* ll«^I«*3)f 3«a« (s» 10* O^I«G)t 3*33 (99 ai» 
H»l l»3% 1 I - 0 » ) | 3.tS <»» tHt !I*1-S»>| a»9a (» i 83, a - t l » 2 % 
it«0*>i 3.33 C«t ti^t a«*i«3*}| 3«3« (of esi« a mnh ^*^^ (•# 3»it 
0:ja>l 6*10 (s« 33 , (H«}{ e«03 ( s , ^l» <M«)t 3«d4 («y U, cra«)« 
TMiniiii i imi ini i i iMi imii iowiiS. i immiiiiii i n n > ii mi 
A titxtttre of fCftA (00 m$ip ^yH^in^ ( t a l ) ond aodtto 
aalirdrlde (t«8 a l ) mem mflmmA on a «iit«r ham for 3 br» £1^ 0 
rtfietloit wiirlore wds ^octretf onto ermih^d I<HI and t« f i oy«r olg^t. 
fH* ttlilte •otid iratf tl lt«r«dt imsitvd nit!) viiteir and dirl»d« 
I t «i7«t«llis«d fr<»i oftlDrofom as eolaorlasa priaoa 
(40 •«) «.p« aS«»-«3^ » 
182 
mn (cnoij^t Vata»ii on ^Soalot 
<aa, ©t i^% ii^i'Jf T*QO, f»T3 (on, 0, i-a, it-g) | (6,33), 
t - 4 S tI-4% l-5t II-«t l-T, tl^t-Oexa-^'-oetliirl/"l^3*, I l - a J 
II t$tnrBtallimid froa i^ fOto (so ag)t o,p* IQt^. 
fi.3 n«, /•e.S ««, W»t-3»)| 3*04 (^l# |}« a-il-3*t 0*M ^^ ^^ S 
H-i-«)i 3,«0 (tfit <!# ^^a^o ti», ri«»xz-a)| e^oa (03, 8, ©non 3 <^o)t 
«a4 (3rt, «» oii«)| 0,3S (aa, »# OBI«)| 0.35 (33* a* «J*I©). 
t*4»t n-4»t t'^t It*$t I-T/II"»?*?siitaao0toiy/"l*3% 1 1 - 3 ^ 
tClftt («0 a«) va<9 oeatytatad wttn pyriaioa (1 lal) and 
aaatlo aahftfrlda (t at) on a watar bafc& for a tir* 1% «a« tben 
183 
oooted to room toaiieretttre md pooredi onto orosHod iee« Hie 
•«liAr«tod «olt<! ira0 filter«4f «a«ti«d vitb vator «iid driod* 
I t orystaltiiod froa otnylftoaiaie (33 agh 
3*20 iiSf Q* i-a.o and 8.0 0a, a:-t-««)f 2»S4 (ta» d, 
i«3.o njB, tt-i-3«)i s»fo (aif d, ti«.ii*a% ii-o»)f a,G3 (w, d, 
ri-i*3)| 3«2S Un, d, jr»a,o a«, a^i-8)| a.ts ( u , a, *i»a,o Ja, 
*I*II-»9)| 3.40 (lilt d, ia.2,0 ll«, a««-0)t 3»10 (i:J, dt J«3.0 Usi 
a*^ri-«j)i T.t8, T.08 (afi# i-4», i i ^ » ) | t,§o, 7*04 (oa, 1-3, i i ^ h 
7,SQ, (0 .0s) (33^ ©aoa, l«T* «*7 )» 
rigore in paraattiasia reprem&nt oothoijr grou;^ « 
I I -4» , f-^» Il«-St I*7t It~7-r«ota-«>«*0tftiyl j^I«*4*-«0-It««J7 
M flay one ( f C I t m n ) t 
I t oryatalUsad fron Qtilorofortt^aottianot (33 og)* 
a«l>i» 338 • 
3*dd (iti, dt <r»3»S fISff 0*1*6)1 3*48 (iTit d, J«3»9 0»» 
/ •> 
f i - t«S) | 3.44 ( tE , »» II-II*8>| ( 3 . 4 a ) » ( t 3 , a, a*X«3), l3 ,4a)» 
( 1 ! , t t Fi~fz*3)| 3»a4 im$ dt J»0 u«i o-ii»3% i«e*)t 3»u (2a« d« 
fi»9 !!«• 1WI-3S n*«*) | 3.04 (3*1, d» :!•» iixt a-1-3% I-»»)| 
2.96 (aiJp d, f«9 a«, B^lmB% H - 8 « ) | 0.0© --* 6*13 (t5 11, •» OMa** 
II -4« , 1-9, I I - S , I*T» 11-7) . 
*Altaraatlva aaatgaaaat la paaalbta far ftgtiraa In parantliaaaa. 
184 
li^flayoqf (f^Illf; t^fWt?» 
4 @^st«r0 ©f 1KJIIO j[ 60 mg ) , pfriding ( l al> asd 
(3«@Uc ett»!iy<!i^ ao {U9 at ) was r^ftusQ^I on e vttt«r tiat!i f ^ 
3 ttr« Tlia r9dOtt0Q iilstitre «Mi9 poured oalo ora@!ied iee aoS 
le f t m&T nl '^t* mo sdUd mm fllter^dy weisli^ il ®iti» nmt^ jr oiui 
(39 «i^), a»p» 240^* 
a, i»0 nat II-II-3S i i ^ * ) | s.»« Can* dt jr«0 H«, aHi*3% i-®»>| 
0tT3 (snff at »«» a«t ii-.ii«$«, ii '.a*)! T»9o, n te , n§8, m a 
SHI' 
HftityH||,<ii| mmM 
fCn i (300 ag), aaliraroiui p9tait«|t« oarlioaiil* (a s ) | 
atflrafhisrl iSulp^Atft (3 a l ) and ^ry «w%<m» (000 « l ) wfui wtlux«a 
85 
on a vnttr Hatit for ta"»t4 lir« a •ttalt 9i»r«i<»i of thm roa«Uoii 
ntirtar« VIM teM&n o»i In « f«ft ti^ EMi mil i««t«d for alo* roCI^  
rtattion* fi#flf]3ctf^  oontlnittil ftaUl t i gave a nofattv* al&*r<if}l^  
t*9t* It «ii» ttitn fllttrtH mid tm rtsiiSiit «3»li94 s«vdral tia«» 
ifftih fidt iu»<»ti»i@« fbe flttratd aod vai&iA^s «ere eoaliliiea and 
^oporatea t» (Irsmoss* Wm yellow reslSu® vasHM a«3 tti^s 
tfltti pfttroletiai oltic^ Q&^ ttien taSs&n t:^ in otiloroform (lOd cil) 
Into n ««par«tors^  romiot m^ oftnltod sovereil tinea «lt:i «atar« 
< e^ aotHjrtatfkfS firadnot om fU» aartaitttatimi «aa foisttd to &# l&o 
el^rturt of li«s4Mottiyl o^ors of an^toflivo^io Ctl^ Xlfi^ I) esift 
tatvaaiafliii^mio (fCtliaEI) «ti<l poataatotUrt 0^Mt of tiinoidiflavotoo 
C^^tltJlllK 'Hioy i^ro aofiaratod t>r proparattve la^ ror olircisiato* 
gf&phT to givo t^tro i^itiMi (Bn mg) T4:iirjii Coo ma^ m.^ 
toil I t i l l (TO t»g)» 
TCIfl Ct7$ fiig) ivaoy ^iorofora« si^Joeto^ to Qm saparatioti 
bot»««a aUtrl aot&jrl Itotoiie miA borate t^tff&r {pa 9*s> to glira 
fCIItil <«?SS Qg}« TOIIIB (as agl m4 fGlUG (30 gig)« fHoF naro 
otiariM»tort«o<t aa S«7t It«*T*dt«0««Nit£i3rl<«fiBi0atofl{iirQiiOf t^vimia^ 
ftssiroao dtaotttflotltor aad lsoorrpto«oria roapoettvoly* j^r saa 
atutftoa of tiiolr aootatoa* 
WD—w—wmipwiwui ii{Mmmimmimmiimmmmmmmmm0mmmmmmmmmmmiammmtlmmmmmmmKtimimmmm^ 11 [iiiiiii»iiniii«« mwi ii mi 
It ofyatalUaoH froa eiitorofoni<«oli}imot (73 m§,)§ 
a«p» 32" • 
83 
IHBiiiiiiiiir »iiiiiiiSiii<iii<iMi>Mi*iJW»>iiiiriiii iiimi III I II <iii(ifw mininiiiiiiw i nn iiiiiiiniiiii m 
K!IZtil iM v^} ws» m9tyl»im0^ « l ^ pyH^ia^ ( I sill «rta 
ao9tl<> aaHydrtdti <0 ml} on a imt«r ^mth tor a tir» I t wsui %&<»f» 
a«4i («» lOt 0«*t«a)i a*at («* lUt f i ^ ^ > i 3*43 i« i a}* 
fi-i»3t t f«3)i 3#a9 <», 1^, !i-«i«m)f a.9f (d» as, iK i i -a* * 
i i ^ O i 3«s7 (a , n , £!^.««)| a#80 («» 0if 11*11*3% i i * ^ * ) ! 
a»09 (q, l i t ft-f*«»)f 3*03 (dt iOt I I * J : » 3 ' ) I {«•«>> ( O . I T ; * 
(0il, I-Tt II-T-QM«>t T*«3», n«»» COH» I*9t l l -Sf OAe)| 8*03» 
l*t«(irft« ta p«r«iittitt«ii« r«|ir*t«At Mitlmir cr^opii 
« 
87 
!-«', H-«% i-s, 11-5, i-T, xt-i-atMfO-mOtfi /r^-^'t «-»_7 
WliWllMIIW«IIIW(»iWI)M«IIMII<WllWM*iW«WWIWM^^ 
I t 4iWf»tml%tm&€ trm. fitli^l«i»«tttt« {B9 mg}^ m*p* tS»^« 
a,33 (Hit Q« ^ i«3s«# ^2*^a«» ii-i*<>»>f 3#a0 ( l i i , a, 
«, !j-i--»»)t 9*ss Calf fit n*ii-3»t5*>| 3»4? iid$ •# a-i-<i)i 
$»46 ( t i l t 4 , CI«$»d)| 3*49 ( t n * <l» B^U^h 3.94 (ta» «» dr«j|»0 ttsy 
T!«l«6)| 3«0d ( i l ly Hi <l«S>*OIIat *l«ai«e)t 3*^^ ( ^ « »• «^>» 3 G^«)| 
mi" mini mtriit iiiiiiiiui i •niii miniiintfTIn i iniiiiiiiiiiiiiii fi IIIUHIIIIOT idiiniiMM iiiiiwipMWntin niiimiiii i wn. 
A sixtiar* f>t TCXII0 im g)» pyritAni» {t ml) and ao«lio 
AiOii^ dirtilt (t*9 s i ) w«» r«flaxiMl «» • ii»t«r Hatb for a tir« Sli« 
f t QiTttftlUsttA frofli «tli3rliuitttftt« «« utiloiirlMt fi«4idl«« 
1 8 "^ 
0-4I-<l)| 3»53 (lilt «l# r!-I-3»)| S*18 (tilt <i» S'*!*^*)! t ,9at 
7»SSt (3*tSKSf SB ^Am^ S<^ 7y IXo*?)* 
iiiiiwiiiiiiiiniiniiiriiiniinniiiiiiiminwi—WW miniminniiKiiiiiiiifiiiiniiiiMr ••'•'—— "•-"— • " ! = — '—— • ' 'Mr .. iimiiHiniriimniiiMiiiiiiniiimiiiiiiiiiwiiiwiMiiwiniwiiiiiiiiiiiii iii>iii|iii*>ii»<«—niiHiiiiiiaii wmiii imi imiii w—M»iai««wi 
t€ ef^rstittli^d from ii!it0rofoim««^tlicxi&t i^Q m^)$, 
tt«p* S3« » 
I-4I, n * » , i - t t i i - f ) * 
•AlUraaUv* •••tgMicMt i s 9»Mii»l« for fiftitr** i a p«r0ntli«sft»« 
189 
<—«—nwiiiKi mittmmimmmi'tmmmmmmmmimmimmm i' iii matmimmmimmimmmiintuinmumfn i im i«ii«iwi«i»«<«iriii5Xi««i«»»w«ii i timmimmmmmJSZm 
fCtllO (30 «g) mm iimt^l^tmA ^tu pyH&ism Ct al> &m 
Ao«tto 9Bbr&ri^ iu ml) tm ti vater ikatli for 2 Ur* i t ««# tti«a 
sopofated solid vm fllt«i%d^ vasH i^S «ltli isatftr md <liled« 
f t ersr^talUena tv<m mSil^mol {%U mh ^»P» 2*i^ « 
mi, t^^^^ali W W ^ T ^^ «%» 
i*i-a>t 2»^ 9 (tit, 9« n^ii«^j| C3»4U>» (la, s* H- '^-a)! (3*44)* 
•Altdmotiv* ^«t|?Hi0iit la fiodvtlit* far f|gur«« in {»areiitti6«o»« 
i O O 
6t&«r C4i>^a'')« ^ » oo^tiit^l «»tr«0t« «ir« «oiio«iitr<ii«<t f i r» t 
at atisospborto |ir«»»s}ra «R4 ^aa inia«r radooad praaaiire» atiara^ 
aa oltjr ^aaa ras&dna toft &fll»lia<lt atiioli aHaaadi ao flaviyotoid 
eataar ifaaattaoB a»4 was raJaot«d» 
?^ a patrol traata<t lai^aa ««ra aastplatalr 4lrta<l «»« 
aa^atiatatf «lth liotttag aaatona t i l l ttia axtraat iiraa alaast 
eotatirlaaa* '^e aoatitBad aaatcma axtraat imr* aoooaatiratad f i r s t 
at ateoaptiarie praasora anuS tbaa aadar 4iniiaialia<t praaatira* ^ 
gtxmy tfiMrtc graen nasa «aa obtatiiatf* fliia aaa raftoxad aitu 
Datraleon atliar (40«id0^>t baniaaa aad a&larofartt auaaaasiiraty t i l i 
^ a aotvaat in ^MSH aaaa wtm aiaaat aolaiarlaaa* f^a raaidtia la f t 
^atiittd iraa titaa traatad « i ^ baiUag aatar* The inaalabla broaa 
g^aajr «aaa vaa ttiaa rafttucad aitii aturl aoatata far S«i0 ar 
«id flttarad* fha f i i t ra ta was avaparatad to giva a broaa aolid 
(7 i }^ miiab raa{»<Htdad to tlie suitial aolaor taat for flavaaaida* 
1 9 1 
A ii»tt nUwrtQ titMip«iiiitfm of S I U « A got (aoo |^  ) ia 417 
ftttrilt«iMi •tft«r (4,i^-e0^} mm pom^i la to A «9lu«ii Caoo c« tMig 
ois^  SO wB ia d|«Mt«r)« tititit iti«» «storb«iit ««• ii«lt ««t%l«tf» 
t!i« «xo««s p»tr«t«tHi «lti«r ««• ftll««e4 to p$m» ttiroitsli the enlfiNBii* 
TI10 ^mek hrmm «0ll<t ( f g) vft» ^stolired la dfy mmtmk9 (93 A I ) 
«Bd ««• iia«fii%«d <Hi »tll<}fft gt l CiO g. > la <i OMaa dl«ii« Bis 
«ae«^» sulvciit mm» alleiwd to «rafior«t« natl l a ^rf rvalue 
o^tiiiiit«t« fiw tt<ltt<»f^«d 9&lto* g«l «•» traiisf«rr«a ftr«r to t&« 
ftoltani* ftt« o<iluiiti was alatad »ltli orgaala aolvaata •aooas»lir«tr 
tfi tfi@ iaor«a»tiif ord«r of polarSty* im# roaulta aro givan la 
SatToat ^atara of tlio proAtmi 
iiniMiiiiwiwiiiiiiiw I iiiMiiin I iiiinii II » iiiinwin •iiim iii» m — iiiiiiiiniffiMWWi—awiiiriifn iini imniniiiwuiinwiiimin'i na 
t« i^atralftcta atbar (4CN40^) araaalwli aaaa 
3« B«mw$m Criraaa mm jpro^aot 
3, Oitarafam Ciraaaiaii ally i^radiiet 
4» iU»at«aa*^a8a*aa ( f t9) &tmm aoliS (9 f. > 
S* 4l«ataaa &arli liraaa »«»a 
mmmmmmimmmmmmmmmmmmmimmm''iimmmimiiitnititmu iirii—tmiiiwwuiiini'i mtnimmmiimmmimimtiitmmmtmmmmmm i i—mi—mwni—wniio 
Fraottan 4 aatf d gava patttiira aolaar taata far flavoAotUt* 
1^)2 
filee«» <3d X 30 «« ana 40 X 30 e»> «tr« o«>»l«4 ivllb « «Nitt stlrrvfi 
fftMiioittttoa of •Alioa g#l (30 f In wn ml «ai«r) to gi<r<i « ifqrer 
^pr9xlitiit«I}r 0*5 MB In tlUloleii«tis« Mt»r drying for z hr at r<MMi 
t«ttperfttartt« ttm plftt«« tMir« netivst^d «t ttO^tao^ for t Hr ond 
pi^tMnrod in a da«l«efttor natit rv^ntrod* 
ffeo oottploxltf of mo t»lll«v«aoia nixtnro oiit«tiiod «fter 
^tirlftOMlt^ br ootoHui oUroaatogmiifir v«» oxnnlaod bjr fijC miag 
th% followlfig oolv#it sjTttt^at 
CD Oe]t«oiio«t»ar> t^ftii#«for»lo aots ( ^ i 0 i i | 
Cll) foIoo»o«Bt^lfoiit«to»fofiiio eota ( I l i4it) 
( t i t ) TotiifiiM-^rt<lta««<«o«tlo we^4 ( tOt l t l ) 
M 8««s««««i»yil4!ttao«€t!iylfoini«t«««Momiio (SiiSia) 
In th» oolvont «r«l«n ( l ) f tlio l>tfiaV4Kio|d ntactor* o&oood 
t«o otoooSr n»ytni i9«to« fiior «or« lonotioii «• !iai»»^ o.ia «ttd 
itTlll«<i|^ 0,9S» llio diffiiroBoo in E^ voiiwo ««r« tiottor rolottvo 
to otHoro 00 «• to noko t t tiw 4oiroloiktiis troton of obotoo for 
^ttontttottvo oo9«rotlOB* 
mo («) ^otooo<^onaono <Ti3) frootlon ontotooa fron t&o 
ooltrnn ««• «ttooliro« In yrrt^tno tmA ^10 oolatton {€%} 00 ontolaod 
193 
tt|iptl<iftt<i7 (D»s«sai B«itf«l%«ri) 8 ^ t^ <« tlk* I«ii9r •«§• of tli« 
pl«t«»« tii« f»tttt«« mmmUA on m italiil«t» iit«fti Mtmm ii*r« 
{it«s«d 111 m S>»9«gA gltt«» mmi^t (itf x at s 39 oa) ««Bt«iiiii|g SOOa:! 
of tliti a«irel«piii§ tdlirQiit {upWf I^f9|3>» mm tlio tolv^iii frottt 
tiad triiv«ll64 &8 mk fn>» t{i« •t«rUiig Uoe t&« il«v«lopiHiat ««» 
uv 
pmitim of tlie tooeuls W9f mmpk9ii In W l i ^ t » fito ii«rl»d 
ptgMettt «<Mi«« wero sorfl^tf as coiiarttte bos^ vftti tHo ttol^ of a 
spatttla or oottoa nod olittotf la oo^arato OOIMHEKI i^in <si7 aeoloiio« 
ftio olooto In oooH ooiio vas ^lotillod off to g|v« «a oitjr liquid 
#itcii m s^Mitem of vator ylolito^ follow prool|>lfato» It vao 
flltorodff «««&«d ^m «At«r and t^rtoA* tKMOgoaoltjr of tho 
pi^mnt§ m» skgalii ^ooKod W tliC ovlng ftvo oolv^t ^»tmm 
<ilroair UotoS* tli« oi^iolo pliooo tkn» isavo paro J^«t (900 mg} 
m^ m^ti'^nm mU fHo o«^Usltl«t of IHIIII tuo fraetloao 
iin«l anil WB'^l voro alodloA hy tw oxaaiaatloft of titoir fallr 
ttotiirt«to<l f»ro4aota» 
<——1»»— iiiiiiii iiiiiiiiii III iiMiIIIiiiiiiiiiitii>*wi>MiiiMwi>M>iiii)»>ii<»«i^^ iiniiiiiiimIII i x c m o w w d w i i ii miiiiiwi>iii«i>»ii<i»<iiii|iii«i»w» 
efTot*tll««<l fro« Mttbanol «« ]r«tl«» platoo {|«t g>t 
U) ^ 
iimil nil minmi Ili inn i m i i i m — i i i n iiiiiiinn ii in iiiiMnin iii«iiiiiiiiiiiiiiiiirmi m m mwiiin »ii8iii) 
A «li'tiir« of m-^ {nm miU walb^dw^m p^tmHvm ^nr^ Miat* 
(4 g)y di«etti3rta»tpli«t« ( i vt) «nd drr ««$toii0 (400 «l) wui 
r«fl!ix»d <»i « irat«r t>dl^  for aa»^ut iM br« ^ mttll ^orUoa oi 
tfie r«M>ttofi wixtttro wm taiEen out ta ii test tobo (»MI tftst«4 for 
ttte*feCt<| rottotion* Eofldxiiii ootitiaao^ unitII i t gm& m aognllvo 
ftte, Tooi^ tft»t« II mui tHea ftltoroiS end t ^ rotfidae ww^«0. 
8«irorat tleioB «ll^ tiot iieotoa#» mo filtrato and «ii«tiia&» vore 
oo8 i^ii0(9 ftud oir«iporiitfi^  to &vfmm»# mo follow r««44iio waiftlioil 
B*»^ Um« ifitu potrolotitt ««itor md iHm tafcoa ti^  la «^lorofoim 
(too ml) tttto ft sopfliratorr fusft^l csicl ira«ttioa 9@v«rdi ttwa i!lt£i 
w«it«r* flio ohlorofom moluUtm 4rto<l otr«r entisrilroiui oodit» 
#tttt&at®|| emio#fitr«to<l aiKi ptirtflo^ on m alUoa gol ooiuaii using 
otitorofom m tfoo •lnont* It mm fln^llf purlfto^ hf pwv^&tutivn 
taror otironstogr^^ to ytold « mtiito notid iM<^ «tirstttlll»«<t 
frott olitoroforn««o«^«iitol «• ooloiarloii* {ilmto* (aoo mgU «»p«d&3*»l4^ * 
wJ<^^i3)H M«»«„n:f ^^ f*^ f» 
a,«4 (di 1^ > 0«l^)} 3«90 (dy |II» !I«4«>d)| a«48» 3,43 
»•»« («t IE, n-i-iisni s#ea («t » # a-^i-sistni »#i» («# iff# a-J*3«>i 
s a s C»» Mh »«s^*)i £i*94| d»o» imif mn^^^tt'^h ^•tdt •^ti> 
(6*l» tmo«l^%fl«4*)| ••38, «.3t (iHt «llo*I-.ft II*T). 
i 9 5 
A iiftxtar« of Biil*I (|dd i i f ) , p)rri<lliie ( l « l ) «»(! ao«tle 
4iii!iirdrt<f« (l*S • ! ) « • • r«fl«ix»tf on & ««t«r t»«t& for 3 tir« fUe 
ro80t;t<Hi ttixtor* W9B poorer (mto ertMUMd io« ana l * f t ovar nlgiit* 
%« tiiilte 8Q11(S was fltt«r«d» mtflHed vitSi watoir cai<l driod* 
I t eiyatftllteatf froM elitorofora «• CiOii ««p, » 333«37^« 
3,00 Cdy ^ t u^t^BU u^^h i«d6 (flii tti» |{<^ «»3«>| um («, iii« 
1l«f^* ) | f»»3, t»54 (on, Oj|<l«f«<l» t l -«> | ?*90» f«04 (ea, OiM}»l-4% 
t l - * » ) | T.«8, n t 4 (fin, OAo*«*tt I1*T) . 
a i l 
?-4*i ?-ft n?^i Irfj MT? t^fif#B f^«><r^ i^ i^ ^«"Or«ffny| 
CiT«t«lU««a fro« ii«ltii«ol «• r«llo« plate* ( i ! • )» 
••p« 3i9«ao^, a^  0.3S* 
96 
t«4% t l ^ % I'"il» H-a» l-»T» »«*T^1<ig«(B<ittioay/"I»3', 11-8,7 
<l alirturft «f MEHTt (380 ngi^ «iilirdrott» potmititMi «4urt»oaat« 
(4 i ) t 41iii«thyt 9iil|»li«tft ( l » l ) «iid diir iio»tfiai« {400 s t ) «•• 
r«ftt»K»<i OS « «at«niatJi for about %,% tir* A «a«ll porUoa of tlio 
roaetlim nlxttiro ««» tatoii out fa a toat tube aad taaiad for alo« 
P«C1|I raaotloQ. naflnidfig oontlaiiad tiatlll It gav« a nagaUi^o 
ale« P^Clg taat» I t «ao than flttara4 mA ^w raaldiia «aa)ia4 
savaral ttiiaa nrltH Ikol aaotoaa. Itm fittrata mA «a«i&loiia vara 
eon^iaa4 VKA airaporatad to tfryoiaa^ !%« yatlav raaidua vaalwd 
2«3 tt«e« wlt% iiatroiaaai attkar i«i^  t&on taHaa op la atHorofora 
Kim Al) iato a aaparatorr foaaat and waa!ie<t aavoral tlwaa uttn 
«atar, Hia etitorofoni aolutloo drtad orar aabjrHroita aodioa 
aat^Hatoy aoneaiitrata^ aa<t |>inrifta<S mk a alltoa got aolisaa ttaiag 
olilorofant as ttia atttaat* 21 mm ftoalljr ^oriflod t>jr {>ra{iaratitra 
\m^T o^roaatograiilir to rIaM a wnita aottd atHoii orjrfttalllaad 
frott aiitarofof«««attiinol aa aolaarlaaa plataa Ctsa m%)^ it*p* 
8tO»ti**» 
(a» an» R*I«-3t n«3M 9*34 ia» in« f!«4I«4)| 3*34 C4» atlt ll«4t«<l»|8«)} 
8.88 (4» in* H^t«9*)| 3««a (<t» »!» a » l t - 3 % « ' ) | 8*t6 <<l« m% ll«4«3*)| 
8 . t3 (a» Iflf II*I-4«h 9*84« 6«08 <68t aila«i«*4f I I ^ ) | 4*i8> 4.18 
(an* fMa«X<^*» tl«4*)t ««38« 4.37 (411* CMa«2*T, 11*7). 
i 9 7 
£I-3»t lI*-i7biflavone(l«H'»IIA)l 
M «lxtiiR» of HimEX (130 oi)« pyHUm (t*5 «l) «id ae«U« 
Aslir^rtdtt (3 al) vM r«ftttM« os n ««t«r Hotli for 3 Hr* i;^ 
r«aQtloa alxtiarn mn» |)oar»4 onto «ra9!i»a tOft «iMI loft ov«r iilglit* 
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